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STRATIGRAPHIC SECTIONS OF THE PHOSPHORIA FORMATION 

IN MONTANA, 1947-48 

INTRODUCTION 

The U. S. Geological Survey has recently meas­
ured and sampled the Phosphoria formation at many 
localities in Montana and other western states. These 
data will not be fully synthesized and analyzed for 
several years, but segments of the data, accompanied 
by little or no interpretation, will be published as pre­
liminary reports as they are assembled. This report, 
which contains abstracts of many of the sections meas­
ured in southwesterp Montana (pl. 1 ), is one of this 
series. The field and laboratory procedures adopted 
in these investigations are described rather fully in a 
companion report {McKelvey and others, 1952). 

Many people have taken part in this investigation. 
The program of which this work is a part was .organized 
by V. E. McKelvey. J. G. Evans, J. E. Joyce, J. A. 
Kelleher, R. L. Konizeski, J. A. Mann, R. L. Parker, 
J. E. Smedley, L. A. Thomas, and W. H. Wilson par­
ticipated in the description of strata and collection of 
samples referred to in this report. The laboratory 
preparation of samples for chemical analysis was done 
in Denver, Colo., under the direction of W. P. Huleatt. 

All the P 0 , F, V 0 5, and acid-insoluble analy­
ses were macte fbr the ~urvey by the U. S. Bureau of 
Mines at the Northwest Electrodevelopment Laboratory, 
Albany, Oreg., under the direction of S. M. Shelton 
and M. L. Wright. The Al20 3, Fe2o3, and loss-on­
ignition analyses were about equalry aistributed be­
tween the Bureau of Mines and the Trace Elements 
Section laboratory of the Survey in Washington, D. C., 
under the direction of J. C. Rabbitt by chemists I. Bar­
low, A. Caemmerer, J. Greene, N. Guttag, and E. H. 
Humphrey. The spectrographic analyses were made by 
D. M. Mortimer, ofthe Bureau of Mines in Albany, and 
the oil-shale analyses were made by the Bureau of Mines 
Petroleum and Oil-Shale Experiment Station at Laramie, 
Wyo. 

Compilation of the data has been largely by R. P. 
Sheldon and F. D. Frieske. Organization e;f the tabular 
data has been largely by Anita Cozzetto. 
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McLaughlin, and W. B. Myers, who have given much 
advice and help in carrying out the field program. 

The cost of the field and laboratory investigations 
has been borne partly by the Missouri River Basin 
Division of the Bureau of Reclamation and the Division 
of Raw Materials of the Atomic Energy Commission. 
Their support is gratefully acknowledged. 

It is a pleasure to acknowledge the fine cooper­
ation extended to the field parties by the local resi­
dents, property owners, and operating companies who 
furnished information and services and gave access to 
property. These include principally R. B. Shelledy, 

R. J. Armsti:ong, and J. J. McKay of the Montana 
Phosphate Products Company; and William Anderson 
and the M.artin prothers who developed the Melrose 
and Canyo~ C:reek properties. 

STRATIGft'A'P,H¥ OF THE PHOSPHORIA FORMATION 
. :,. IN MONT ANA 

The Phosphoria formation in southwestern 
Montana consists 1p general ¢>f five members, two phos­
phatic shale ;me'mbers and :; three hard members. The 
first description of these m;embers {Klepper and others, 
1948) was presented in a paper read at the Northwest 
Science meetings ,in Spokan~, Wash., in 1948, but the 
first published d,escription was by Klepper {1950). The 
lower two hard members are dominated by limestone 
and the top by chert and sandstone or quartzite. Most 
of the members can be identified over a large part of 
the area of outcrop, though member correlation toward 
the east anci northeast is much more difficult. The 
formation ranges in thickness from less than 100 feet 
to more than 800 feet. 

The lowermost or A member is best developed 
toward the west and southwest and consists of lime­
stone or dolomite, sandstone, mudstone, and chert, 
with a maximum thickness of nearly 350 feet. It 
overlies the Pennsylvanian Quadrant formation and is 
probably equivalent to the upper member of the Wells 
formation of southeastern Idaho and adjacent Wyoming 
and Utah {McKelvey, 1949). 

The lower phosphatic shale or B member is about 
50 feet thick near the southwest corner of the state but 
thins markedly to the north and east where in some 
areas it cannot be recognized. It contains a rich bed . 
of minable phosphate in the Centennial Range. 

The middle or C member consists of as much as 
200 feet of limestone and/ or chert and sandstone. The 
upper phosphatic shale or D member is rather similar 
to and much more uniform and widespread than the 
B member, though minable phosphate is present only 
toward the north end of the field where the full thickness 
of the phosphatic zone consists in some places of a 
single 3- to 5-foot bed of high-grade phosphate rock. 

The uppermost or E member is the most wide­
spread and tiniform, averaging about 100 feet in thick­
ness and consisting chiefly of siliceous rocks--silt­
stone, chert, and quartzitic sandstone. It is overlain 
by the Triassic Dinwoody formation in the greater part 
of the area and by the Jurassic Ellis group toward the 
north and northeast. 

STRATIGRAPHIC SECTIONS 

Analytical data and abstracts of stratigraphic 
sections measured at 26 localities follow. Their lo­
cations as well as the locations of other sections to 
be reported later are shown in plate ·1. 
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PJESS p2 ° 5 IN 

IN FEET PERCENT DESCRIPTION 

Dinwoody formation 

Mudstone: calcareous, soft , pale-yellow, thin-bedded 

orlTIIIN:t~~:d ~ Member E 

""' 2 2 Sandstone: hard, pale, yellowi sh-orange , thick-bedded 
r---+---+-----------~------------------------------------------------~ 

Chert: hard, light-gray, thick-bedded chert interbedded with medium-hard , pale 
:x.. 24 2 yellowish-orange, thick-bedded chert 

50 

00 

50 

200 

250 

300 

349 

J( _... .. . .. . . ._ 
X .X J'........ 14 

I······ .... ....._ ' ............. 2 
Sandstone and chert: medium-hard, light-gray, thick-bedded sandstone containing 

some interbeds of hard, light-gray chert 
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t-- --! 
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~--~--~--------------------------------------------------------------1 
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Sandstone and chert: medium-hard, brownish-gray, thick-bedded sandstone 
interbedded with hard, light-gray, thick-bedded chert 

Sandstone : medium-hard, yellow ish-brown , thick-bedded sandstone interbedded 
with hard, brownish-gray sandstone 

' 

2 Mudstone : light~gray , .lin·,; ,1, 

5 
Sandstone: hard, light-gray to yellowish-brown, thick-bedded ; lowermost 0 . 75 

foot phosphatic 

Member D 

12 Mudstone : phosphatic, soft, brownish-black , thin-bedded 

2 Mudstone: soft, brownish-black to black, fissile 

4 25 Phosphate rock: oolitic , soft, dal~k-l>ro•wn. thi1rt··b ~edd(~d 

22 14 
Phosphate rock and mudstone: oolitic, medium-hard, brownish-gray, phosphate 

rock, interbedded with medium-hard, brownish-gray mudstone 

Member C 
.. . ······ .. ... 
~~~~~~~~~-12~r-3--~s_a_n_d_s_to_n_e_: __ s_of_t_,_d_u_sk_y __ y_e_ll_ow __ is_h_-_or_an __ g_e, __ th_i_ck_-_b_e_dd_e_d ____________________ ~ 
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41 Sandstone and chert: medium-hard, light brownish-gray, massive sandstone 
interbedded with hard, yellowish-gray, massive chert 

/ 45 Dolomite: sandy, medium-hard, medium- to light-gray; con'tains lenses and 
nodules of chert 
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of chert 

1 
Chert: hard, medium-gray to yellowish-brown, thick-bedded; contains some 

interbeds of mudstone and sandstone 
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7 
' 
0 Mudstone: dolomitic, soft, light-gray, thin-bedded 

Dolomite : medium-hard, pale yellowish-orange, thin-bedded; contains some 
10 0 .interbedded cherty mudstone 

Quadrant formation 

Sandstone: medium-hard, light-gray, thin-bedded 

Figure 1. --Generalized section of Phosphoria formation at Sheep Creek, Montana 
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The semiquantitative spectrographic analyses are 
based upon comparisons with a standard plate repres­
enting known quantities of the elements tested for and 
made at the same exposure. Greater sensitivities for 
many elements can be obtained by additional exposures. 
The standard sensitivities for the elements noted in this 
report are as follows: 

Element Percent Element Percent 

Al ..•...•. 0.005 Li ........ 0.2 
Sb .•••.... . 05 Mg .•.•.•..• . 001 
As ••...••. . 1 Mn ........ . 004 
Ba •....... . 08 Hg .. .. .... . 10 
Be •.....•. . 001 Mo .... ... . • 004 
Bi ........ ,002 Ni . ....... . 01 
B ........ . on p . ....... .8 
Cd •..•.•.• . 1 Pt ........ • 01 
Ca ........ . 01 Si ........ • 002 
Cr ••...... . 02 Ag ........ . 001 
Co •....•.. • 01 Na ........ .05 
Cb •..•.•.. • 01 Sr ........ . 1 
Cu ••...... . 001 Ta ........ 1. 0 
Ga .•...... .05 Sn ........ . 01 
Ge ........ . 01 Ti ........ • 002 
Au •.•..... . 01 w ........ . 1 
In ... ..... . 05 v . ....... • 01 
Fe •....•.. . 005 Zn ........ .05 
Pb .•••.••. • 1 Zr ........ • 003 

4 
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ANDERSON MINE, MONTANA. LOT NO. 1Z87. 

D member of Phosphoria formation sampled at 4,800 level at Anderson mine of Montana Phosphate Products Company, sees. Z and Samples analyzed for eU and 
3, T. 10 N., R. 10 W., Powell County, Montana, on southwest flank of Garrison anticline, samples 308-313, locality A, from 100 feet south cbem. U by tbe U. S. Geological 
of north beadiul aDd sample 314, locality B, from 150 feet south of crosscut. Beds strike about N. 30• W., and dip 30• SW. Section Survey Laboratory, Geochemistry 
measured and sampJ.ed by M. -R. Klepper in October 1948. Samples analyzed by U.S. Bureau of Mines Laboratory, Albany, Oregon. and Petrology Branch. 

Bed Rock description no. 

Chemical an~{yses 
Sample Thickness (percent 

no. (feet) 
Pz05 l Acid 

insoluble 

Locality A, 4,800 level, 100 feet south at north headini 

E member of Phosphoria formation--basal beds only 

Cumulative Thickness x Uranium content 
thickness percent P~J (Percent) 

(feet) (cumulat eu jCbem. U 

E-Z Quartzite -- 1 0 -- -- 1 0 -- -- ----- -1 I I I 1 
11·1 I Caqlomerate I -- I o: 5 I -- I -- 1:5 -- -- - _ 

D member at Phosphoria formation 

D-1 Clay -- o.oz -- -- o.oz -- -- --
D•7 Pboapbate rook. ar,waceous MRK-313 0.75 Z7.8 Z5.6 0.77 zo. 85* . 010 .008 
D-6 Phosphate rock MRK·31Z 0.7 37.5 4.5 1.47 40.11 .012 .010 
D-5 Pbospbate rock MRK-311 0.5 36.4 7.3 1. 97 58.51 .ou • 010 
D•4 Pboepbate rock MRK-310 0.9 3Z.5 15. 1 Z.87 87.76 I • 011 .009 

D-3 l'bospbate rock MRK-309 1. 0 36.6 5.9 3.87 1Z4. 36 .OlJ .011 
D•l Phosphate 1'00k MRK-308 0.9 31. 1 14.7 4.77 !SZ.35** .OlZ .011 
D-1 Clay -- 0.15 -- -- 4.9Z -- -- --

C meml:lllr of Phosphoria formati~op beds only 

c-zi-Ccaqlom. erate I -- rlF-1.0 I -- I -- I l.O I -- I -- I -- I 
C-1 ......... -- I z.o -- -- 3.0 -- -- --

Locality B, 4,800 level, 150 feet south at crosscut 

II ...-.er Gf ~phoria forma~ measured 

Thickness x 
percent chem. U 

(cumulatiVe) 

--
.006* 
.013 
.018 
.OZ6 

• 037 
.047** 
--

·-1 1 Chert r -- 1 -- - 1 -- 1 -- 1 -- 1 -- 1 -- 1 -- 1 
• CumulaUYe data incomplete due to m.issinl informatiOD. 

Q;) 



I I I 
Cumulative Tblclme•• x 

Bed Rock de•crlptiOD Sample Tblclme•• tbiclmea• percent P 0 
DO. DO. (f .. t) (f .. t) (cumulaift;, 

Tblclmeaa x 

1 v~r=- _., 1 perceDt chem. U 
IAL W (cumulaU'Ytt) 

D member at Pho•pboria formatioD 

D·1 I Pboapbate rock I M I 
npoeite sample repreMDtiDa beda D-Z to D-7 ' 

C member of Pbo•phoria formatiOD--top beds only 

C·J CGal}olllerate •• 0. 9 - -- -· 1. Z c-·~--- I ·· I •·• I ·· I ·· I o. 3 

c-z c~q •• o z -- -- 1 • 
C•1 Sudatou aDd chert -- z: 0 -- -- 3: • 

(.0 



GRAVELEY MINE, MONTANA. LOT NO. 1286. 

D member of Phosphoria formation sampled in Graveley Mine of Montana Phosphate Products Company, sec. Z, T. 10 N., R . 9 w.. Sample8 aaal1Sed for eU and 
Powell County, Montana, on northeast side of Luke-Graveley syncline: samples 297-299, locality A, from 4,906 stope and samples 300-303, cbem. U b7 the U. S. Geological 
locality B, from 5,101 west headina. Beds strike about N. 10• W. and dip so• S. Section measured and sampled by M. R. Klepper in SUI"ft7 Laborato1"7, Geochemistry 
September 1948. Samples analyzed by U. S. Bureau of Mines Laboratory, Albany, Oregon. aDd Petrolo17 Branch. 

Bed Sample Thickness 
Chemical an~{yses Cumulative Thickness x 

no. Rock description (percent Ur{!:~ content Thickness x 

no. (feet) I ACid 
thickness percent ~or rcent) percent chem. U 

PzOs insoluble (feet) (cumula ve .u jCbem. U (cumulative) 

--- --- - ---

Locality A, 4,906 stope 

E member of Phosphoria formation--not measur ed 

E- 1 I Chert I -- I -- I -- I -- I -- I -- I -- I -- I --
D member of Phosphoria formation 

D-5 Clay -- 0.05 -- -- 0.05 -- -- --
D-4 Phosphate rock MRK- 299 1.3 35.0 10.2 1. 35 45.50* .016 .010 
D-3 Phosphate rock MRK-298 1.0 37.5 8.4 2.35 83.00 • 015 .010 
D-2 Phosphate rock MRK- 297 1. 25 37.4 4.6 3.60 129.75** .014 .010 
D-1 Clay -- 0.1 -- -- 3. 70' -- -- --

C member of Phosphoria formatiorr-oot measured 

C-1 r Quartzite I -- I -- I -- --r=-uu T -- I -- I -- I -- I 
Locality B, 5,101 west heading 

E member of,Phosphoria formation-not measured 

E-1 I Chert I -- I -- I -- I -- I -- L -- . I -- I -- J 

D-5 
D-4 
D-3 
D-2 
D-1 

D mem,ber of Phosphoria formation 

Clay --
Phosphate rock MRK-303 
Phosphate rock MRK 302 
Phosphate rock MRK-301 
Clay --
* Cumulative data incomplete due to missing information. 
•• Note incompleteness of cumulative data. 

0.05 --
1, 2 36.8 
1.0 37.5 
0.8 34.4 
0.05 --

-- 0.05 -- -- --
6.2 1. 25 44.16• .016 .014 
3.9 2.25 81.66 • 014 . 015 
4. 1 3.05 109.18** .015 .010 
-- 3.10 -- -- --

--
. 013'1' 
. 023 
• 036** 
--

--
• 017• 
.03Z 
.040** 
--

1--4 
0 



Bed 
DO. 

c-s 
c-z 
C·l 

Rock description 

Conaloawrate 
Sapdatone 
Quartslte 

Sample Tblckneas 
no. (feet) 

C member of Phosphoria formatioo-top beds only 

8l.Z 

Cumulative 
thickness 

(feet) 

1. 0 
z. 5 

Tblckaeaa x Tblclmess x 
percent ~r 
(cumula 

percent cbem. U 
(cumulative) 

~ 



LUKE MINE, MONTANA. LOT NO. 1285. 

D member of Phosphoria formation sampled in Luke Mine ot Montana Phosphate Products Company, sec. 15, T . 10 N., R. 9 W., 
Powell County, Montana, on southwest aide of Luke-Graveley syncline; samples 304-305, locality A, from southeast beading, 5,300 level, 
samples 306-307, locality B, from northwest headinr;, 5,300 level. Beds strike about N. 40• W. and dip 45• NE. Section measured and 
aamplecl by K. R. Klepper in September 19~8. Samples analyzed by U. S. Bureau of Mines Laboratory, Albany, Oregon. 

Bed Sample 
Chemical analyses Cumulative Thickness x 

Rock deacriptioa. Thickness (percentf 
no. no. (feet) thickness percent ~Of j in~~f:ble 

----

Pz05 (feet) (cumula e 

Locality A, 5,300 level, southeast heading 

E member of Phosphoria formation--basal bed only 

Samples analysed for e U and 
ct.m. U by the lJ. S. Geological 
Surwy Laboratory, Geochemistry 
and PetroloiY BraDCh. 

uzcu~~ c~tent Thickness x 
rcent percent chem. U 

eU jChem. U (cumulative) 

E-1 I Quartzite, cherty J -- I 4. 0 I -- I -- I -- -1 -- I -- I -- I 
D member of Phosphoria formation 

D-4 Clay -- o.oz -- -- o.oz -- -- --
D-3 Pboaphate rock MRK-305 1.6 34.0 9.3 1. 6Z 54 .• .012 .009 
o-z Pbo8phate rock MRK-304 1.6 35.5 5.8 3.ZZ 111. z•• .OlZ • 010 
D-1 Clay -- o. 1 -- -- 3.3Z -- -- --

C member ot Phosphoria formatiozr-top beds only 

c-z 1 Quartzite 1 -- 1 z. o 1 -- 1 -- 1 -- 1 -- 1 -- 1 -- 1 
C-1 Quartsite -- 4. 0 -- -- -- -- -- --

Locality B, 5,300 level, northwest heading 

E member of Phosphoria formatioo-basal bed only 

E-1 I Quartsite I -- -- --,1. 5 I -- uj_ -- J -- I -- I -- I -- I 

p-z 1 Phosphate rock 
D-1 Phosphate rock 

C-3 I Quarttlite c-z CODflOmerate 
C-1 Chert 

D member of Phosphoria formation 

C member of Phosphoria formation-top beds only 

• llote inc:CYQp' t u of cumulative data. 

1.6 
3.Z 

0.3 
0.8 
z.8 

SZ.96 
111.68 

--
• 01~ 
.030 .. --

• 013 
.030 



CANYON CUD lfO. 1, MONTANA. LOT NO. U37. 

D member ol Pboapbwia format1011aampled 1D baDd trench near Canyon Creek, SEt sec. lZ, T. 1 8., R. 10 w .• Beaverhead Co11J1t7, IIODtaDa. 
Oil we.t UIDb ol an owrtumed anticline. Beda atr11re lf. 6o• w. and dt:p so• SW. Section measured by 11. R. Klepper and aampled by E. T. aupp.ua 
lel»t*mbel' 1948. Samplea aaalped tor ~ca..azd acid lnaoluble bJ U. S. Bureu ollliaea Laboratory, AlbaaJ, ONIOn. and fo-. otllu .....Utgert• .. 
Trace 81emlntl SectiOD L.abcJnlt=7, tT. os; 6 g' • ~. ............ D. c. -

1llid 
110. ~ ct.oripdca 

E member of Phosphoria formatiorr-basal bed only 

CamulaU.e 
tbiclmess 

(feet) 

Tblcklleas x 
percat P2 o5 ( cuaulattftJ 

Salaples aalped for eU ... 
el•un. U b.r the U. S. Geo~Qgleal 
Slll"ftJ Laborat~. Geochemistry 
uad PetrolOQ Bniach. 

TbicJmeas x 

1 .,.... -·· 1 percent chem. U 
_... ' AL- " (cumulatlw) 

B·ll c!Mt~ I MBJt- no I 1.0 I 1.zl -- I -- I -- I 11.0 I 1.0 I 1.2 I .oo1 I .002 I .ooz 

D member at Phosphoria formation--baae not exposed 

D-5 Phoaphate rock IIBK-Z69 1.0 34.7 1.3 z •. 57 
!)-4 Mudatcme. calcareou., and phosphate rock IIBK-268 1.4 10. 1 9 . 7 8.74 
D-3 Phoaphate rock IIBK-Z67 1.8 34.6 2.6 Z.40 
D-2 MudatODe aad pboepbate rock MBK-266 1.0 16.3 8.5 5.38 
D-1 Muclatone, plaoepbatic IIBK-265 6.0 19.6 7.9 Z.34 

1.64 7.~ 1.0 
6. 7Z n.a Z.4 
3.60 6. 1 o&.Z 
7. 74 39.3 I.Z 
7.06 31.7 11.2 

34.70 .007 
48.84 .005 

lll.U ... , 
117.42 .006 
245.0Z .007 

• 007 
• 003 
• 010 
• 006 
.007 

.007 

. 011 

.029 

. 035 

.077 

t_:tj 
w 

t--A 
(.,.) 



CANYON CREEK NO. z. MONT ANA. LOT NO. 1 Z38. 

D member ol PJu.phorla formation sampled in hand trench near Canyon Creek. ElsEt aec. 6, T. Z 8., a. 9 W., Beaverhead Coun~. lloataM. 
OD overtUJ'Iled eut llmb of an anticline. Beda strike N. s-10• w. and dip 10• W. Sectioo meaaured by M. R. Klepper and sampled by E. T. Ruppel in 
September 1948. Sample• analysed for ~2~ and acid lnaoluble by U.s. Bureau cllllnea Laboratory, Albany, Oreaon, and for other coaatltuenb 
by Trace Blernenta Sectloa Laboratory. u: s; Geolopcal Survey, Wublntton, D. C. 

Rock deacr1pt1on 

E member of Pboepboria formatlon-baaal bed only 

Cumulatin 
tblckneaa 

(feet) 

Tblelalea & 

peroeot J.7!2 0J 
(cumulatne 

llamplea aaalysed for eU and 
ollem. U by the U.S. Geolopcal 
llll"ftty Laboratory. Geoclaemlatry 
aad Petrolou Branch. 

Tblckneas x 
1 .v-· -• 4 percent chem. U 

' ac - (cumulative) 

B-1 j Quarbtte and con1lomerate I -- I -- I -- I -- I -- I -- I -- I -- I -- I ·- J -- J 

D-4 
D-3 
D-Z 
D•l 

D member of Phosphoria formatlcm-baae not expoaed 

Uudaton. --
Phoaphate rock and mudatoae MRK-Z13 
Pboephate rock IUid mudatone MRK-Z?Z 
Pboaphate rock IIRK·Z71 

• Cumulatbe data incomplete due to m1aalnl1nformat1on. 
. .. Note lncompleteneaa of cumulative data. 

0.1 
3.0 
3.8 
3.0 

-- --
)~.I 

--
19. 1 -- --
19. 1 -- --
30.8 1.1 7.08 

-- o.z -- -- -- --
43,Z s.z 57.3~ .001 .oos .009• 
35.0 1.0 1Z9.88 .005 .005 .018 

7,1 10.0 ZZZ.ZI" .001 .007 .049•• 



MELROSE ADIT NO. 2, MONTANA. LOT NO. 1239. 

D member of Phosphoria formation sampled in an adit of the Anderson Phosphate Mines, Incorporated, of Butte, Montana, known as the Melrose 
Property, in NWi sec. 5, T. 2 S., R. 9 W., Sllverbow County, Montana, on the normal limb of a northwest-trending overturned syncline. Beds D-6 
throuth D-11 sampled at headin1 of a south-southeast drift approximately 1,400 feet from portal; beds D-1 through D-5 sampled 36 feet from heading. 
Beds strib northwest and dip 45" SW. Section measured by M. R. Klepper and 0. A. Payne and sampled by Payne in September 1948. Samples analysed 
by U.s. Bureau of Mines Laboratory, Albany, Oreaon. 

Chemical analyses (p4'rcent) Cumulative Thickness x 
Bed Rock descrtptiCJD Sample Thickness 

P205] Al201'ez031 F I Loss on I Ac1d thickness percent P ~of 
no. no. (feet) ignition insoluble (feet) (cumubtt e 

E member al Phosphoria formation-basal bed only 

Samples analyzed for e U and 
cbem. U b1 the U. S. Geological 
Survey Laboratory, Geochemistry 
aDd Petrology Branch. 

Urarum cotltent Thickness x 
(percent percent chem. U 

.u I Cbem. U (cumulative) 

·- 1 I Chert &Dd coqlomerate I -- I -- I -- I -- I -- I -- I -- I -- I -- I -- r --_ _L --- -1 
D·ll 
D-10 
D· 9 

D• 8 
D· 7 

D· 6 
D• 5 
D· 4 
D• 3 
D· Z 

D- l 

D member of Phosphoria formation 

Mudsto• 0.2 
Phoaphate rock, arJillaceous MRK-293 1. 25 
Phosphate rock and calcareoua 

mudstone MRK-292 0.6 
Phosphate rock MRK-291 0.85 
Mudstoae MRK-290 1. 4 

Phosphate rock MRK-289 1.9 
Mudatoae, calcareous MRK-288 0.4 
Phosphate rock MRK-287 0.6 
Mudsto• and ph•phate rock MRK-286 1.2 
Phosphate rock MRK-285 0.9 

Pboaphate rock, ar&lllaceous MRK-284 3.0 

• Cumulative data incomplete due to mlss!.na informatl~. 
•• Note incompleteness of cumulative data. 

--
23.9 

27.5 
33.3 
3.8 

36.4 
4.4 

31.2 
26.2 
35.2 

23.8 
-

-- -- --
2. 2 2.6 2.14 

6.3 2.5 2.75 
1. 9 1. 4 3.05 

13.0 5.6 0.71 
" 

1. 1 1. 1 3.28 
10.4 10.0 2.40 
3.2 2.0 2.78 
4.9 2. 1 2.3 
1. 8 1.3 3.16 

5.9 2. 5 2. 1 
------- L..... 

-- -- 0.2 -- -- -- --
1. 5 32.6 1. 45 29.90• .004 .003 .004* 

2.8 16.0 2.05 46.40 . • 006 .003 .006 
1.8 10.1 2.90 74.40 .007 • 006 • 011 
4.3 61.7 4.30 19.72 .003 .002 .013 

1. 6 4.8 6.20 148.88 . 006 .005 .023 
6.2 39.9 6.60 150.64 .005 .003 .024 
2.2 15.3 7.20 169.36 .oos .002 .025 
2.7 24.5 8.40 200.80 .007 • 003 .029 
2.2 7.5 9.30 232.48 .005 .004 .033 

4.6 28.8 12.30 303.88 .. .005 .004 • 045** 
-- --------

~ 
Ul 



. SPECTROGRAPHIC ANALYSES-MELROSE ADIT NO. 2, MONTANA. LOT NO. 1239. 

Semi-quantitative analyses of samples of the D member of Phosphoria formation, Melrose adit no. 2, Montana (see immediately preceding 
page for location of section, thickness and description of strata, and chemical analyses of samples), made by U.S. Bureau of Mines Laboratory, 
Albany, Oregon. In addition to the elements listed in the table below, Sb, As, Ba, Be, Bi, Cd, Co, Cb, Ga, Ge, Au, In, Pb, Li, Hg, Pt, Ta, 
Sn, and W were looked for in all samples but were not detected. 

Bed Sample 
Al B Ca Cr no. no. 

D-11 MRK-29. B E c D 
D-10 MRK-Z93 c F A E 
D- 9 MRK·292 B F A E 
D- 8 MRK-291 c F A E 
D- 7 MRK-290 B E B E 

D· 6 MRK-289 c F A E 
D- 5 IIRK-Z88 B F A D 
D-. IIRK-287 B F A E 
D- 3 MBK-286 B F A E 
D- 2 ll.RK-285 c F A E 

D- 1 IIRK-2M B F A D 

Explanation of symbols 

A = more than 10 percent 
B = 5-10 percent 
C = 1-5 percent 
D = 0. 1- 1 percent 

Cu Fe Mg 

F A c 
G c c 
G c c 
G c c 
G A c 
G c D 
G A A 
G c c 
G c c 
G c D 

G c c 
---

Mn 

E 
E 
E 
E 
E 

E 
E 
F 
F 
F 

F 

E = 0.01-0.1 percent 
F = o. 001-0. 01 percent 
G = less than 0. 001 percent 

Mo Ni Si Ag 

F E A G 
F E B G 
F E B G 
F E A G 
F E A G 

F E c G 
E D A G 
F E A F 
F E A F 
F E c G 

F E A G 

Na Sr Ti v Zn 

E F c D E 
E E E E E 
E E D E E 
E E E E E 
E F D E E 

E E E D E 
E F D D E 
E E D D E 
E E D D E 
E E E D E 

E E D D E 

Zr 

E 
E 
E 
E 
E 

E 
E 
E 
E 
E 

E 

~ 
0) 



MELROSE ADIT NO. 1, MONTANA. LOT NO. U40. 

D member ot Phosphoria formatioo aa~led in southwest c:roesc:ut Z69 feet from portal at the .ADdersoo Pboapbate Mines, Incorporated, at Butte, 
Maatana, known u the Melrose Property, NWi sec. s, T. z S., B. 9 W., Silver Bow County, Montana, on normal 11mb at overtui'Ded syncline. Beds 
stlib northwest aDd dlp 45• SW. Section measured by M. B. Klepper and 0. A. Payne and sampled by Payne in September 1948. Samples analysed fOl' 
P

2
o

5 
and acid insoluble bJ U.S. Bureau ot Mlnea Laboratory, Albany, Oreaaa. and for other coaetituenta by Trace Elementa Sectioa LaberatCJ17, 

u.S. GeolopcallkaneJ, Waablqton, D. c. 

Bed 
110. 

Rook duclipliaa 

E-

D member at Plloaphoria formaUoo 

D•lO C::fitomerate aDd phosphate rook MRK-Z83 0.5 Z7.4 1. 6 Z.09 z.o4 
D• 9 111\1 OM MRIC·Z8Z o.z 5.4 9.5 7.05 4.Z6 
D- 8 Phosphate I'OOil MBit-Z81 1. 6 Z9.1 Z.7 Z.37 z. 16 
D- 7 MudetOM -- o.u -- -- -- --
D- 6 Pboepbate l"oCCl. &J'~Waceoua MRit•Z80 0.8 .Z4.1 5.4 Z.96 Z.56 

D· I MudatGD8 MBIC-Z79 l.Z 1. 1 13.00 6.Z9 4.68 
D- 4 PbMpbate rooll MBK-Z71 z. 1 Z8.4 1.5 1. 55 1. 68 
D• 3 Pboapbate rook MRK-Z77 1.0 Z7.6 4.9 z. 51 3.50 
D- Z Pbospbata roek MRK-Z76 3.9 3Z.O 1.4 1.39 Z.70 

Base at D-J u a souar fault soae ot aewral struda cuttiq dark mudatoae and phoapbate rock. 

D- 1 ~ rock. argfllaeeou I MRK-171 I 9.0 lu.• 1 -- I -- I --
C member ol Pboapborla lonaaUOD--top bed Olil7 

.zs.o 
66.6 
18.6 
--

19.4 

76.6 
6.4 

19.5 
14.3 

33.7 

CumulaUn 
thiolmeaa 

(feet) 

0.5 
0.7 
Z.3 
z . .u 
J • .Z5 

4.41 
6,55 
7.11 

11.45 

--

Tblcluleeaz 

l~f 

13.70 
14.78 

'~:" 
19.1a-t 

10.60 
10.24. 

107.84 
ZSJ.64•• 

--

..._... aaalysed for eu and 
Gbilm. tf 1r.f the U. S. GeoloJical 
......,. LaboratorJ, Geochemistry 
..S PetNloay Branch. 

Tblcbeas X 

I ,r•r;;:' wl percent cllem. U 
- - ( cumulaUw) 

.008 .005 .003 

.oos .002 .003 

.006 .001 ~ -- --

.001 .003 .ooz• 

.001 .001 .004 

.007 ,003 . • 010 

.005 .003 .ou 

.006 .oo.z .011 .. 

.005 .003 --

c- 1 I Dolomite ad Obert I -- I -- I -- I -- I - r -- I -- I -- I -- I -- I -- I --
• Cumwatlw data lacomplete due to mlsaiqinformaUOD. CompqtaU.. atart from aero after inteJTupUOD • 
.. Rote illeompleteaeaa ot cumulatiw data. 

~ 
-J 



lOUTH ORZEKSTONJ: Otn..CH, MONTANA. LOT NO. 1Z50, 

D aember fill Phoapboria fonution •ampled 1D •outh bulldo .. r treDch at Oreeuto• Gulch, SJ:i •c. 11, T. 5 S., R. 10 W ., 
Beawr-.. CGUJ~t7, IIODtaDa. Bed~ atrib N. lo• w. aDd dip so• NJ:. The atratipaphic •queDCe of the UDit• 1• queaUoaable for, becaUH 
ot a larp ._Mr ot fault•, 1101118 ot the bed• may be Olllitted or repeated. SectioD meuured &Dd aampled bJ B. L. Parker and 
B. B. CNMIUD. ia Aupat 1948, luaplea &Dalysed by U. S. Bureau of Mine• Laboratory, Alb&Dy, Ore&oD. 

Chemical ~yae• Cumulative Tbici&M-aa x !led Sample Thicknea• (percut 
thiclmea• perceDt a0y DO. Rook de•criptiOD DO, (feet) 

PzOs J Acid (f .. t) (oumula • inaoluble 

E member f1 Phosphoria .formatian-baaal bed only 

lamplea ualped for eU ud 
ct.aa. U bJ tt. 11. 1. Oeolo&ical 
Sarw7 Laboratol')', Geocheml.atry 
aad PetraloQ Bruch. 

UraDium content 'l'ldcbe.as x 
Coercent) {c:rcent eU .u 1ca.-.u cumulative) 

II~ 1 I Quartllite I BRC-446 I z. Z? I o. 4 I 92. z I z. z I o. 88 I . *!- -- I . 009 

D member ot Phoaphoria formation 

D•S7 ........ ERC-445 3.6 3,7 51.9 3,6 u.n .ooz -- .007 
D·36 ...... , .. RLP•444 3.2 1, 1 72.9 6,8 16,84 .003 -- .017 
0-35 ........ RLP-443 2. 5 0.9 76.4 9.3 19,09 ,OOJ -- .oa• 
i)-M ......... RLP-442 5.0 1.1 77,5 14.3 24.59 .oos -- • 039 
D-J3 111111ateae, ealeareou RLP-441 1.4 6.2 51.6 15.7 33.27 .005 .IOZ ,0<16 

D-JZ lladatoee, oaloareoua, phoaphatic RLP-440 2.0 9.Z JO.J 17.7 51.67 .003 -- .on 
D·Sl llwlatou, phoaphatic BBC~439 1.<1 9.8 53.4 19.1 65.39 .004 -- .oss 
v-so ~terock BRC·Z60 0.9 Z4.4 17.1 zo.o 87.35 ,005 .003 ,068 
D•Z9 llwlatone, phoaphaUc J:RC•259 0.9 15.4 46.0 20,9 101.21 .004 -- ,066 
D•l8 lllldato... ERC•ZJ8 1. 3 3.6 72.2 22.2 105.89 .oos -- ,07~ 

D-27 lludatone, phoaphatic BRC-257 2.2 9.8 54.7 2<1.<1 127 • .&5 .oos .... • 076 
D•Z6 lludatone, calcareoua ERC•256 4.1 3.3 59.8 28,5 140.98 .oos .... • 089 
D-ZJ lludatou, aalca:reoua J:RC·Z55 2.1 1.9 45.1 30,6 144.97 .008 ,001 • 106 
D•Z4 LlmeatoM, arpllaceoua J:RC•ZS.I 1. 1 6.5 38.<1 31.7 152.12 .oos .... ,109 
D•ZJ lludato..., calca:reoua, W14 pboaphatic 

audatoae BRC-253 1, 6 5. 3 53. z 33.3 160.60 .004 -- .us 
D-JZ ll ... toM &DCl phoephate rook RLP•25Z 1. 0 17.Z 35.8 34.3 177.80 .004 -- ,ll,CJ 
D•Zl ll•toae ucl phoaphate rock RLP-251 0.8? 10.2 57.8 35.1 185.96 .ON -- .ua· 
D•JO ........ RLP-250 1.4 5,9 69.0 36.5 H14.Zl .~. -· .U8 
D-19 ftoepbateiOOk RLP-149 0,7 29.4 14.3 37.Z 214.80 .007 .005 · .U3 
D-11 .... phate NOll: uclllludatGDII RLP•Z48 1.05 21.4 ll.O 38.25 237.05 .006 .004 .U9 

D•l7 ftoepbate 1'0011:. arpuao.ou RLP-247 1. 1 Z1.6 30.Z 39.35 260,81 .006 .ON •. 1t6 
D-16 Plloaplaate rook ad IDUdatoae, clluty RLP-246 1. 6 12.3 52.7 40.95 280.49 .004 ... .15& 
D•ll ......... oa~eanou. ad Nl~ '* "''"'N'te roc:k BLP·Z45 0.7 15.2 25.8 41.65 291.13 .ON -- .155 
D•lf u..~ RLP-2" l.l 2.5 5.5 42.95 294.38 .0005 -- ,156 
D-IS Plloaplaate rock &DCl mudatoae RLP•24S 2,0 24.6 26.z 44.95 343.58 .004 -- .~64 

D-lZ ........... .....,.uo RLP•24Z 1.0 14.9 44.8 45.95 SJ8 • .a .ON -- .168 

I I', 

~ 
en 



CJ.mical an~:yaea Cumulative Thickiless x Uranium content Bed Rook cleacripUoa Sample Tbickne•• (percent thiclmeaa percent P~Of (percent) no. no. (feet) Acid 
PzOs J.uoluble (feet) (cumulatl .e eu c--.u 

D·ll Limeataae RLP•ZU 1. 0 1. z 17.5 46.95 359.68 .001 --D·10 PU.pbate rook and mudataoe, cJ.J't:y RLP·UO 0.8 18.5 39.1 •U.75 374.48 .005 .003 
D· 9 lludatone, pboapbaUc, calcareoua RLP·Z39 1. 3 11.7 46.3 49~05 389.69 .007 .ooz 
D• 8 LblaeatOM, ar,W.ceou, pboapbatic ERC·Z38 0.95 11.7 31.0 50.00 "00.81 .003 --
D.. 7 lludatoM, phoapbaUc ERC·U7 Z.al 15.7 41.7 5Z.80 44-&.77 .006 .oos 
D• 6 lludatoae, caloareoua ERC-236 Z.6 5. 5 58.6 55.40 459.07 .005 .ooz 
D· 5 Mudatoae, phoapbaUo ERC-235 3. 1 11.3 52. 0 58.50 49 •• 10 .004 .... 
D• 4 Limeat-. arpllaceooa, pboapbaUc ERC·U4 1.1 9.5 36.1 59.80 506.45 .006 --D• 3 Pboapbate rook, arstl1aoeou RLP-Z33 1.4 Z0.1 25.5 61.20 534.59 .003 --
D-2 Plloeplaate rook and mudatODe, cbeJ11 RLP-232 0.9 13.7 58. 9 62.10 546.92 .004 ...... 
D• 1 C ... rt, pboaphaUc RLP·Z31 z.o 13.4 60.3 64.10 573.71 .004 --

C member of Phosphoria formaticm--top bed only 

C• 1{-11 ....... , ealO&I'eOU8 I RLP•230 I 1.0 I l.J I 67.9u I 1.~ I _ 1.50 I .000 I ••mJ 

Tbtob•••• 
JaraaateU 

(eumulatift) 

.169 
, 171 
,181 
.185 

.102 

.lO'J 

.1.19 

.U4 

.JIB 

.lU 

.uo 

~--'' 
tD 



UPPER FRENCH CREEK. MONTANA. LOT NO. 12.48. 

D aaember ol Phosphoria formaUon sampled in bulldozer trench near Upper French Creek, SW~ sec. 19, T. 5 S., R. 10 W., 
Bea"rbead Couav, Montaaa. Beds strike N. ts• E. and dip 55• w. The strauvaphic sequence and thicknesses of the units are 
q•eUooable ·clue to thrust faultinl exposed in the trench and to the fraamented and weathered condiUon of the strata. SecUon measured 
by D. A. Bostwick and R. L. Parker and sampled by R. L. Konizesld and J. E. Joyce in Aupat 1948. Samples analyzed by U.S. Bureau 
olllltDH LaboratoJ7, Albany, Oreaon. . 

Bed Chemical analyses ... Rock deacripUon Sample Thickness (percent) Cumulative Thickness x 

DO. (feet) p 0 I Acid 
thickness percent P~f 

2. 5 insoluble (feet) (cumulat 

D member of Phosphoria formation--top not exposed 

D•lO Phosphate rock, ar&illaceous RLP-172. 1.0 2.0.4 35.7 1. 0 2.0.40 
D- 9 Mudstone, phosphatic RLP-171 1.3 11.3 51.0 2..3 35.09 
D- 8 Phosphate rock and mudstone RLP-170 1.0 19. 1 37.2. 3.3 54.19 
D- 7 Phosphate rock and mudstone; ctwrty RLP-169 1. 7 16.0 43.1 5.0 11.39 
9- 6 Mudstone RLP-168' 0.7 0.9 66.6 5. 7 82..02. 

D- 5 Mudstone RLP-167 1.6 z.o 79.6 7. 3 85.2Z 
D- 4 Mudstone DAB-166 0.9 2..8 66.6 8.Z 87.7' 
D- 3 Mudstone DAB-165 2..9 2..7 72..5 11. 1 95.57 
D- Z Mudstone, calcareous DAB-164 1. 8 3.6 71.0 12..9 10Z.05 
D- 1 M\ltlatone, calcareous DAB-163 1. 6 4.3 72..6 14.5 108.93 

Pl"Obable t.lilts Ulllta below may be patt ol a t.ult z<nlit; 

C member? of Phosphoria formaUon--top and base not exposed 

c- 5 Quartsite and cbert DAB-162. ? 1.6 85.8 -- --
c- ' Quartaita and chert DAB-161 ? 1. 5 85.3 -- --c- s Quartslte and aMrt DAB-160 1. 5? z.s 81.2 -- --
c- z Chert DAB-159 2..2. 0.5 93. 1 -- --c- 1 SandatGM and obert DAB-158 2.0 0.3 94.9 -- --

Tbrut fault 
- -------

Quadrant formaUoo-not measured 

a.-plea aaalysed for eU b¥ 
a. U. I.~ Survey 
LaboratOJ'7, Geochemistry and 
Petroloo Branch. 

Unualum COil~ Thlcklleas x 
(pereeet) percent eU 

eU (cumulative) 

_004 .004 .... .009 
.0~3 .012. 
.004 .019 
.004 .ozz 

.003 .OZ7 

.oos .OZ9 

.oos .038 

.oos .043 

.003 .Oil 

.001 --

.001 --

.001 --
,OOOJ --
.HO --

Cq-1 I QurtUta I -- I -- I -- I -- I -- I -- I -- I --

f'.) 
0 



KELLEY GULCH, MONTANA. LOT NO. 1249. 

A, B, D, aDd part of E members of Phosphoria formation sampled in bulldozer trenches and C member measured in outcrops near 
X.U.y Ouloll, sec. 1, T. 6 8., R. 11 W., Beaverhead County, Montana. A dacitic? sill 2. 7 feet thick occurs 2. 1 feet above base of E 
member. Beds striMJf. u• 1:. aDd cUp 45• NW. Section measured by R. L. Parker and D. A. Bostwick and sampled by R. L. Konizeski, 
J. E. JtlfJoe, :ao.twtok, J. A. X.lleher, and E. T. Ruppel in AUIU&t 1948. Samples analyzed by U.S. Bureau of Mines Laboratory, Albany, 
Oreaon. 

Chemical analyses 
Bed Sample Cumulative Thickness x 

Rock description Thickness (percent) 
no. (feet) thickness percent P~Of no. I Acia p2o5 insoluble (feet) (cumulat e 

-- --

Dinwoody formation--not exposed 

E member of Phosphoria formation--top contact approximately located 

B• 9 Chert -- 23.0 -- . -- 23.0 --
E- 8 Chert -- 25.0 -- -- 48 . 0 --
B• 7 Chert -- 25.0 -- -- 73.0 --
B.- 6 Chert -- 25.0 -- -- 98.0 --
ll· 5 Claert, sandy? -- 29.0 -- -- 127.0 --
E· 4 Mudstone DAB-229 4.5 0.3 85.7 131.5 1. 35 
E- 3 Chert . DAB-228 2.6 1. 2 91.4 134.1 4.47 
E- 2 Chert DAB-227 7.4 1.4 90. 7 141.5 14.83 -- Dacitic? dike DAB-226 (2. 7) o.s 85.9 .... 
E· 1 Chert DAB-225 2. 1 1.8 89.9 143.6 11.61 

D member of Phosphoria formation 

D-38 Cbert; los. col. no. 48-KPM-511 

I 
DAB-224 

I 
3. 4 5.6 69.3 3.4 19.04 

D-37 Phosphate rock, cherty and mudstone RLP-223 0.9 21.9 36.4 4.3 38.75 

Fault aone; includes 1outy streaks and crushed phosphate. 

D-36 Fault 1oup and breccia RLP-222 3.0 2. 1 74.2 7. 3 45.05 
D-35 Mudstone RLP-221 1.3 4.4 76.5 8.6 50,77 
D-34 Phosphate rock, cherty RLP-220 1.1 22.9 34.6 9.7 75,96 

D•33 Mudstone and phosphate rock RLP-219 0.8 6.3 62.5 10.5 81.00 
D-32 Mudstone RLP-218 1.3 2.3 72.7 11.8 83.90 
D-31 Mudstone DAB-217 7.0 1. 8 82.9 18.8 96.59 
D-30 Mudstone DAB-216 5.0 0.7 86.2 23.8 100.09 
D·29 Mudstone DAB-215 5.0 o. 7 89.3 28.8 103.59 

D·ZI Mudstone DAB-214 5.0 0.7 90.0 33.8 107.09 
D-27 Mudstone DAB-213 5.0 0.6 89.3 38.8 110.09 
D·26 Mudstone DAB-212 5.0 1.3 88.5 43.8 116.59 

-

Samples anal)'sed for e U and 
cbem. U by the U.S. Geological 
Survey Laboratol'1, Geochemistry 
and Petroloo Branch. 

Urarum CCIIltent Thickness x 
[oercent) percent etr 

eU I Cbem.tJ (cumulative) 

-- -- ---- -- ---- ..... ---- -- ---- -- --
.002 -- .009 
.0005 .... • 010 
.0005 -- • 014 
.ooz -- -· .oos -- .020 

.oos -- • 010 

.004 -- .014 

.003 -- .023 

.003 -- . 027 

.007 .005 .034 

.006 .003 . 039 

.004 -- .044 

.002 -- .058 

.002 -- .068 

.ooz -- . 078 

.ooi -- • 088 

.004 -- . 108 

.001 -- • 118 

f'.) 
~ 



D-25 Mudstone 
D-24 Mudstone 
D-23 Mudstone and phosphate rock 
D-22 Mudstone, calcareous 
D-21 Dolomite._ phosphatic 

D-30 Phosphate rock 
D-19 Limestone 
D-18 Phosphate rock and dolomite 
D-17 Limestone 
D-16 Mudstone, phosphatic, calcareous 

D-15 Phosphate rock, ariillaceous; ros. col. 
no. 48-KPM-50 

D-14 Mudstone, phosphatic 
D-·13 Phosphate rock, argillaceous 
o-1z Phosphate rock, argillaceous 
D-11 Mudstone, phosphatic 

D-10 M:udstone, phosphatic 
D- 9 Mudstone 
D- 8 Mudstone, phosphatic 
D- 7 Limestone, argillaceous 
D- 6 Mudstone 

D- 5 Mudstone, cherty 
D- 4 Mudstone, phosphatic 
D- 3 Mudstone, phosphatic 
D• 2 Mudstone, cherty 
D- 1 Mudstone, phosphatic, cherty 

c- 2 I Chert and quartzite, calcareous 
c- 1 Dolomite, cherty 

B- 4 Chert and sandstone 
B- 3 Phosphate rock, cherty 
B- 2 Chert, phosphatic and phosphate rock 
B- 1 ~Uidcbert 

A- 9 Mudstone 
A- 8 Mudstone, calcareous 
A- 7 Sandstone 
A- 6 Sandstone, calcareous 
A- 5 Mudstone, calcareous and sandstone 

A· 4 Mudstone 
I 

DAB-211 5.0 0.9 
DAB-210 5.0 2.3 
DAB-209 2.Z 9.8 
DAB-Z08 3.6 4.5 
DAB-207 Z.8 11.0 

DAB-Z06 0.6 l4.3 
DAB-205 1.1 6.7 
DAB-204 0.7 9.7 
DAB-Z03 1.3 Z.6 
DAB-202 0.9 11.9 

DAB-201 0.9 22.5 
DAB-ZOO 0.9 8.9 
RLP-199 0.7 19.4 
RLP-198 1.7 18.0 
RLP-197 l.Z 16.6 

RLP-196 1.5 9.5 
RLP-195 0.6 5.Z 
RLP-194 Z.4 10.4 
RLP-193 1.7 1.8 
RLP-192 0.9 7.2 

RLP-191 3.0 6.4 
RLP-190 1.7 13.2 
RLP-189 1.4 9.3 
RLP-188 2.7 7.Z 
DAB-187 1.4 13.8 

C member of Phosphoria formation 

B member of Phosphoria formation 

DAB-186 1.0 2.9 
RLP-185 1. 0 27.9 
RLP-184 0.8 22.4 
RLP-183 3.7 2.4 

A member of Phosphoria formation 

DAB-182 4.2 1.0 
DAB-181 10.6 0.6 
DAB-180 3. 1 0.3 
DAB-179 3.3 0. 1 
RLP-178 17.5 0.1 

RLP-177 17.7 o. 1 

87.5 
83. 1 
5ij.O 
65.5 
6.8 

9.3 
11.6 
19.2 
6. 1 

39.2 

30.5 
62.5 
36.5 
38.8 
4Z.9 

57.8 
70.6 
50.0 
20. 7 
58.8 

62.9 
49.9 
59.6 
61.8 
52.7 

82.3 
21.9 
31.9 
85.7 

87.5 
73.4 
79.5 
76. 1 
73.6 

72.6 

4ij.S 
53.8 
56.0 
59.6 
62.4 

63.0 
64.1 
64.8 
66. 1 
67.0 

67.9 
68.8 
69.5 
71. z 
7Z.4 

73.9 
74.5 
76.9 
78.6 
79.5 

82.5 
84.2 
85.6 
88.3 
89.7 

37.2 
61.2 

1.0 
2.0 
2.8 
6.5 

4.2 
14.8 
17.9 
21.2 
38.7 

56.4 

Fossil collection made by K. P. McLaughlin, Paleontology and Stratigraphy Branc}l, U. S. Geological Survey. 

121.09 .002 
132.59 .002 
154.15 .004 
170.35 .004 
201. 15 .002 

215.73 .003 
223.10 • 001 
229.89 .003 
233.27 .0005 
243.98 .003 

264.23 .006 
27Z. Z4 .003 
285.82 .003 
316.42 .004 
336.34 .004 

350.59 .004 
353.71 .005 
378.67 .004 
381.73 .0005 
388.21 .003 

407.41 .003 
429.85 .003 
442.97 .003 
462.31 .003 
481.63 .006 

2.90 .002 
30.80 • 010 
48.72 .007 
57.60 .0005 

4.20 .002 
10.56 .002 
11.49 .001 
11.82 .002 
13.57 .002 

15.34 .002 

----------
----------

.004 
--------
--

.001 ------
--------

.005 

--
.008 
.006 --

----------
--

. 128 
• 138 
. 147 
• 162 
. 167 

• 169 
• 170 
. 17Z 
. 173 
. 176 

. 181 

. 184 

. 186 

. 193 
• 197 

. Z03 
• 206 
. 216 
. 217 
.2ZO 

.228 

.234 

.238 

.246 

.254 

.002 
• 012 
. 018 
• 019 

.008 

.030 

. 033 

.039 

.074 

• 110 

N 
f'\.) 



Chemical analyses 
Bed Rock description Sample Thickness (percent) 
no. no. (teet) Acid 

Pz05 insoluble 

A- 3 Mudstone, calcareous, sandy RLP-176 Z3.7 0.3 75.6 
A- 2 Sandstone, cherty? DAB-175 6.3 0.3 94.9 
A- i Mudstone and sandstone OAB-174 19. 1 o.z 85.6 

Quadrant formation 

Cq-1 I Sandstone, quartzitic 

Cumulative Thickness x 
thickness percent P~r 

(feet) (cumulat 

80. 1 ZZ.45 
86.4 Z4.34 

105.5 Z8.16 

5.0 1. 5 

Ur-anium content 
~cent}_ 

eU Chem. U 

.ooz --
• 0005 --
.0005 --

Thickness x 
percent eU 

(cumulative) 

• 157 
. 160 
. 170 

• 000 

f") 
(.,..) 



CAVE CREEK, MONTANA. LOT NO. 1257, 

D member of Pho.phoria formation sampled in bulldozer trench on south side at Cave Creek, NW!NWt sec. 10, T. 6 S., R. 10 W., Beaverhead 
CouatJ, Montana, about 2, 000 feet west of axis of northeastward•plllDfbll Cave Creek syncline. Beda strike N. 25• W. and dip 40• NE. Section measured 
b:y E. T. Ruppel and sampled by J. A. Kelleher in Aupst 1948. Samples anal:ysed for P...20~ and acid insoluble b:y U.S. Bureau ot Mines Laborator:y, 
Alban:y, Ore1on, and for other constituents by Trace Elements ~tion Laborator:y, U. 5"; {.feolotical Surve:y, Washincton, D. C. 

Beet -· Rock clescriptloa 

1:- 8 Chert and quartaite 
B · 7 Cbltrt and quartzite 
B- 6 Cbltrt and quartsite 
B- 5 Ca..rt and quartsite 
B- 4 Chert and quartsite 

B- 3 Cbltrt 
-E- Z Cbltrt 
•- 1 ca..rt 

-- RbJ'olite? 
D-31 Phosphate rock 
D-30 Phosphate rock, arpllaceous -- Plow breccia? 
D-Z9 Mudatcme, phosphatic 

D-28 Mudstone 
D-27 Mudstone 
D·Z6 Mudstone, phosphatic -- Rb:yoli te sill? 
D-Z5 Mudstone 

D-Z4 Phosphate rock 
D-23 Mudstone, phosphatic 
D - ZZ Phosphate rock, ar1illaceous 
D-Zl Mudstone; fos. col. no. 48-KPII-561 
D-ZO Phosphate rock, arpllaceous 

D-19 M.adstoae. phosphatic 
D-18 Pbospbate rock, arpllaceous 
D-17 Phosphate rock 

Dilnroocl:y formatioa-oot expo .. d 

E member of Phosphoria formatioa--top approximatel:y located 

ETR-6ZO 

11.0 
16.0 
11.0 
20.0 
22.0 

28.0 
3Z.5 
3.5 3. 1 

D member ot Phosphoria formatioD--baae not exposed 

ETR-619 (5. 25) 0.9 -- -- --
ETR-618 1. 6 30.4 -- -- --
ETR-617 1.8 Z9.4 1. 6 l. Z4 Z. Z6 
ETR-616 (1. Z) 3. 7 -- -- --
ETR-615 1. 4 9.7 1.8 l. 00 Z.18 

ETR-614 1.1 1.4 -- -- --
ETR-613 3.0 5.6 -- -- --
ETR-61Z 1.9 8.5 -- -- --
ETR-611 (Z. 3) 1.8 -- -- --
ETR-610 4.6 0.5 -- -- --
ETR-609 0.8 3Z,85 -- -- --
BTR-608 0.5 15.85 -- -- --
ETR-607 0.5 2Z. 1 -- -- --
ETR-606 0.8 6.7 -- -- --
ETR-605 0.8 Z3.6 -- -- --
ETR-604 1.1 14.4 -- -- --
ETR-603 0.9 Z4.6 -- -- --
BTR-60Z 0.75 30.7 -- -- --

88.1 

92.4 
18.9 
21.5 
71.5 
58.7 

76.8 
64.4 
6Z.Z 
76.8 
79.5 

9.6 
43.5 
33.0 
66.3 
29.0 

49.8 
25.6 
15.0 

1 J'osall collection made by K. P. McLau1hliD. PaleontoloiY and Stratieraphy Branch, U. S. Geolopcal Surve:y. 

Cumulative 
thiclmus 

(feet) 

11.0 
Z7.0 
38.0 
58.0 
80.0 

108.0 
140.5 
144.0 

--
1.6 
3.4 
--
4.1 

5. 9 
8.9 

10.8 
--

15.4 

16.Z 
16.7 
17.Z 
18.0 
18.8 

19.9 
20.8 
21.55 

Thiclmesa x 
perceat ~ 2 0 5 ( cumulatneJ 

--
48.64 

101.56 
--

115. 14 

116.68 
133.48 
149.63 

--
151.93 

178.21 
186.14 
197.18 
ZOZ.54 
Z21.4Z 

Z37.Z6 
Z59.40 
Z8z.u 

Samples anal:ysed for eU and 
cbem. U by the U. S. Geological 
SUI"V1tJ' Laborator:y. Goehcemiatry 
and Petrolog:y Branch. 

.001 

.003 --

.006 .005 

.005 .005 

.003 --
• 005 . 005 

.004 --

.005 . 003 

.005 . 003 
• OlZ .ooz 
• 003 --
.007 . 007 
.006 .003 
.006 .004 
.005 .ooz 
.007 .005 

.005 .004 

.007 • 005 

.006 .004 

Thickness x 
percent eU 

(cumulative) 

--
. 010 
.019 
--

.OZ6 

.030 

.045 

.054 
--

.068 

.074 

.017 
,080 
.084 
.090 

. 095 
• 101 
. 106 

~-J 
-~ 



Bed Sample Thickneas Chemical analyaes (percea!}_ Cumulative Thickness x 

DO. 
Rock description 

DO. (feet) P2o5 Al2o 3 Fez03 
1..088 OD Acid thickness percent P~f 
ipition insoluble (feet) (cumulati 

D-16 Pboaphate rock and phoapbatic mudstone ETR-601 0.6 21. 1 -- -- -- 34.3 22.15 295.09 
D-15 MudstODe, phosphatic ETR-600 0.7 11.8 -- -- -- 57.0 22.85 303.35 
D-14 Mudstone, phoaphatic ETR-599 0.75 9.4 -- -- -- 71.0 23.60 310.40 
D-13 Mudstone, calcareous; foe. ool. no. 

4.8-KPM-55 ETR-598 0.6 2. 0 -- -- -- 59.5 24.20 311.60 
D-12 Phosphate rock, araillaceous ETR-597 0.4 24.5 -- -- -- 25.7 24.60 321.40 

D-11 Mudstone. phosphatic: loa. col. no. 
48-KPM-54 ETR-596 0.8 10.5 -- -- -- 57.8 25.40 329.80 

D-10 Phosphate rock, argillaceous ETR-595 0.15 18.7 -- -- -- 38.4 25.55 332.60 
D- 9 Mudstone, phosphatic; los. col. no. 

48-KPM-53 ETR-594 0.4 14. 7 -- -- -- 45. 1 25.95 338.48 
D- 8 Mudstone, phosphatic ETR-593 0.9 14.9 -- -- -- 44.4 26.85 351.90 
D- 7 Phosphate rock. arpllaceous and 

mudstone; loa. col. no. 48-KPM-52 ETR-592 1.7 18.4 -- -- -- 39.7 28.55 383.18 

D- 6 Mudatone, phosphatic ETR-591 0.55 13.8 -- -- -- 51.3 29.10 390.76 
D- 5 Mudatoae ETR-590 1.6 4.4 -- -- -- 61.4 30.70 397.80 
D- 4 Mudstooe, phosphatic, calcareous ETR-589 1.3 13.6 -- -- -- 44.6 32.00 415.48 
D- 3 Mudatoae ETR-588 0.7? 6.4 -- -- -- 62.3 32. 70 419.96 
D- 2 Phosphate rock. arl(illaceoua ETR-587 0.3 29.4 -- -- -- 21.6 33.00 428.78 

D- 1 Phosphate rock, sandy ETR-586 -- 20.2 -- -- -- 45.4 -- --
Stratagraphic interval of 116 feet between D-1 and approximate top of Quadrant formation includes few exposures of quartzite and linestone. 

Uranium content 
(percent) 

eU Cbem. U 

.005 . 004 

.005 .003 

.003 --

.005 . 003 

.007 .006 

.006 .004 

.008 .006 

.008 • 005 

.006 . 004 

.007 .005 

.007 . 005 

.004 --

.005 . 003 

.004 --

.004 --

.004 --

Thickness x 
percent eU 

(cumulative) 

.109 

.llZ 

.115 

.118 

.120 

• 125 
. 126 

. 130 

.135 

.147 

. 151 
• 151 
.164 
• 167 
• 168 

--

f') 
(J1 



JACK CANYON, MONTANA. LOT NO. 1218. 

Phosphoria formation sampled in band trench and outcrop about 900 feet above Jack Creek on north side of canyon in SE!NE~ sec. 35, T. 5 S., 
R. 1 E., Madison County, Montana, on overturned and faulted west limb of Madison Range syncline. Beds strike N. 6o• E. and dip 45• NW. Section 
measured by R. W. Swanson and sampled by J. G. Evans in September 1947. Samples analyzed by U.S. Bureau of Mines Laboratory, Albany, Oregon. 

Bed 
no. Rock description 

Dinwoody formation 

'1-d-2 Mudstone, calcareous 
'l"d-1 Sandston~, calcareous, areillaceous 

Phosphoria formation 

25 Chert and calcareous sandstone RWS-107-47 8.2 0.8 1.6 
24 Sandstone, calcareous, and chert RWS-106-47 1o. 1 1.5 0.5 
23 Sandstone, calcareous, and chert RWS-105-47 12.8 1.5 0.5 
22 Chert, sandstone, and limestone RWS-104-47 8.4 0.8 0.9 
21 Chert and quartzite RWS-103-47 8.6 1.8 0,8 

20 Sandstone RWS-102-47 10.5 1.4 0.6 
19 Quartzite RWS-101·47 9.65 2. 1 0.9 
18 Chert and quartzite RWS-100·47 6.2 1.3 0.9 
17 Chert and mudstone RWS- 99-47 3.9 0,6 3.1 
16 Chert and mudstone RWS- 98-47 5.25 1.3 1.8 

15 Chert and mudstone RWS- 97·47 6.9 0.9 3.2 
a Phosphate rock, argillaceous RWS· 96·47 0.17 18.9 1.3 
13 Chert and mudstone RWS- 95~47 Z.4 1. 2 6.0 
12 Phosphate rock, arpllaceous RWS- 94-47 0.5 22.9 1.4 
11 Chert and calcareous mudstone (may 

include 2.15 feet repetition by 
faulttna) RWS- 93-47 3.25 0.8 3.6 

10 Chert and mudstone RWS- 9Z·47 4.05 0.6 4.7 
9 Chert and mudstone RWS- 91-47 4.6 0.8 4.5 
8 Chert and mudstone RWS- 9t•47 4.4 o. 6 4.3 
7 Pho•pbate rock RWS- 89·47 1.15 28.8 1.9 
6 Limestone, arpllaceoua RWS- 88·47 0.4 0.8 4.7 

-- Feldspar porphyry RWS- 8i-47 ~3. 0~ 0.2 17.4 -- Feldspar porphyry RWS- &6-47 1. 1 o. 5 16.9 
5 Sandstone, phosphatic, and phosphate 

rock RWS- 85·47 0.8 12.7 1. 9 
4 Quartaite RWS- 84-47 4.6 1.3 0.5 
3 Quartsite. cherty RWS• 83·47 3.95 0.8 0.7 

2 Quartzite and chert RWS- 82-47 z.s o. 7 1.0 
J Coaalomerate. mudstone, and chert RWS- 81-47 0.6 Z.4 2.8 

2.6 12.2 68.4 
1.3 9. 7 74.0 
1.9 6. 5 81.3 
z. 6 4.7 85.0 
2. 1 2. 1 88.2 

1.1 9.0 75.3 
1.3 1.8 89.3 
3.5 2.0 88,5 
5 . 1 3.0 85.0 
4.3 4.1 83.1 

5. 5 2.9 84.5 
2.9 2.2 44.0 
5.2 4.2 81.3 
2.6 1.8 37.4 

4.1 11.9 67.8 

4.7 2.4 87.3 
4.9 2.~ 66.9 
4.1 2.5 87.5 
1.4 4.5 19.0 
2. 3 3Z.6 24.9 

3.2 10.5 74.6 
3. 1 11. 1 73.3 

3.0 1. 7 61.3 
1.8 Z.4 90.7 
1.4 1.9 92.1 

1.9 0.8 94.2 
3.1 7.3 73.8 

Cumulative 
thickness 

(feet) 

6.0 
7. 6 

8.2 
u ... 3 
39.1 
47.5 
56. 1 

66.6 
76.25 
82.45 
86.35 
91.60 

98.50 
98.67 

101.07 
101.57 

104.82 

108,87 
113.47 
111,87 
119.02 
119. 4Z 

----
1!0'. 22 
124. 8Z 
lZ8. 11 

131. 2'7 
131.87 

Thickness x 
percent P 2 0 5 (cumulatl\>eJ 

6.56 
33.71 
52.91 
59.63 
75.11 

89.11 
110.08 
118.1.& 
120.48 
127.30 

133.51 
136.72 
139,60 
151.05 

153.65 

156.08 
159.76 
162.40 
19S.52 
19S. 84 

----
Z06.00 
211.98 
Z15, 14 

Zl6. 89 
Zl8, lt 

samples analyzed for e u and 
cbem. U by the U. S. Geological 
Survey Laboratory, Geochemistry 
and Petrology Branch. 

,0005 --
.0005 --
.0005 --
.0005 --
.0005 --
.0005 --
.0005 --
.0005 --
.0005 --
.0005 --
.001 --
.004 --
.001 --
.006 .005 

.0005 --
·.001 --
.0005 --
.001 --
.010 .009 
.001 --
.001 --
.001 --
.004 .004 
.0005 --
.0005 --
~ 0!)~5 --
.001 --

Thickness x 
percent eU 

(cumulative) 

.004 

.013 

.020 

.OZ4 

.028 

.033 

.038 

.041 

.043 

.046 

.053 

.053 

.056 

.059 

.059 

.063 

.066 

.070 

.081 

.osz 

----
.085 
.087 
.089 

.091 
·"1 

r") 
01 



Bed 
no, Rock descripUoa T~r~~r·sl P

2
osl ----r-- --j""L:-~=:. ·r··A-la I 

Quadrant formation 

Cq-l Mudstone, calcareous, sandy; and 
arawaceoua, calcareous sandstone RWS· 80-47 1.3 0.7 6.5 3.2 9.6 70.4 

Cq-2Sandstone, quartsttic, cherty -- 2.2 -- -- -- -- --
Cq-3Chert, sandstone, and Umeatone -- 11.5 -- -- -- -· ·-
Cq-4 Limestone, chert, and quartatte .. 11.0 .. -- -- -- --
Cq-&Ltmeatone, cherty -- 8.0 -- -- ·- -- --

I ------

Cumulative 
tbiclmeas 

(feet) 

l. 3 
3. 5 

15.0 
Z6.0 
34.0 

Thickness z 
percent ~205 
( cumulatneJ 

-· --·-----

.001 --- ---- ---- ---- --

Tbielmess z 
percent eU 

(cumulative) 

----------

f' ) 
-J 



SPECTROORAPHIC ANALYSES-JACK CANYON, MONTANA. LOT NO. 1Zl8. 

Semi-quantitative analyses of samples of the Phosphoria formation, Jack Canyon. Montana (see immediately preceding pages for location of 
section, thickness and description of strata, and chemical analyses of samples), made by U.S. Bureau of Mines Laboratory, Albany, Oregon. In 
addition to the elements listed in the table below, Sb, As, Ba, Be. Bi, Cd, Co, Cb. Ga. Ge, Au, In, Pb, Li, Hg. Pt, Ta, Sn, and W were looked 
for in all samples but were not detected. 

Bed Sample 
A1 B Ca no. no. 

25 RWS-107-47 c F B 
24 RWS-106-47 c F A 
23 RWS-105-47 c F B 
2Z RWS-104-47 c F c 
Z1 RWS-103-47 c F c 

zo RWS-10Z-47 D F B 
19 RWS-101-47 D F B 
18 RWS-100-47 D F c 
17 RWS- 99-47 c F c 
16 RWS- 98-47 c F c 

15 RWS- 97-47 c F c 
14 RWS- 96-47 c F A 
13 RWS- 95-47 c F c 
1Z RWS- 94-47 c F A 
11 RWS- 93-47 c F B 

10 RWS- 9Z-47 c F c 
9 RWS- 91-47 c F c 
8 RWS- 90-47 c F c 
7 RWS- 89-47 c F A 
6 RWS- 88-47 c F A 

-- RWS- 87-47 c F c -- RWS- 86-47 c F c 
5 RWS- 85-47 c F A 
4 RWS- 84-47 D F c 
3 RWS- 83-47 D F c 

z RWS- 8Z-47 D F c 
1 RWS- 81-47 c F B 

Cq-1 RWS- 80-47 c F B 

Explanation of symbols 

A = more than 10 percent 
B = 5-10 percent 
C = 1-5 percent 
D = 0. 1-1 percent 

Cr Cu Fe Mg 

ND G c c 
ND G c c 
ND G c c 
ND G c c 
ND G c D 

E G c c 
E G c c 
E G c D 
E G c D 
E G c D 

E G c D 
E G c D 
E G c D 
E G c D 
E G c c 

E G c D 
E G c D 
E G c D 
E G c D 
E G c c 

ND G C · D 
ND G c D 
ND G c D 
ND G c D 
ND G c D 

ND G c D 
ND G c D 

ND G c c 

Mn 

E 
E 
E 
E 
E 

E 
E 
E 
E 
E 

E 
E 
E 
E 
E 

E 
E 
F 
F 
F 

E 
E 
E 
E 
E 

F 
E 

E 

E = 0. 01-0. 1 percent 
F = 0. 001-0.01 percent 
G = less than 0. 001 percent 

ND = not detected 

Mo Ni Si Ag 

F E A G 
F E A G 
F E A G 
F E A G 
F E A G 

F E A G 
F E A G 
F E A G 
F E A G 
F E A G 

F E A G 
F E A G 
F E A G 
F E A G 
F E A G 

F E A G 
F E A G 
F F A G 
F F A G 
F F A G 

F . F A G 
F F A G 
F F A G 
F F A G 
F F A G 

F F A G 
F F A G 

F F A G 

Na Sr Ti v Zn 

ND F E F E 
ND F E F E 
ND F E F E 
ND F E F E 
ND ,F E F E 

E F E E E 
E F E E E 
E F E E E 
E F E E E 
E F E E E 

E F E E E 
E F E E E 
E F E E E 
E F E E E 
E F E E E 

E F E E E 
E F E E E 
E F E E ND 
E F E E ND 
E F E E ND 

D F E E ND 
D F E E ND 
E F E E ND 
E F E E ND 
E F E E ND 

E F E E ND 
E E E E ND 

E E E E E 

Zr 

E 
E 
E 
E 
E 

E 
E 
E 
E 
E 

E 
E 
E 
E 
E 

E 
E 
E 
E 
E 

E 
E 
E 
E 
E 

E 
E 

E 

f'X.) 
00 



ASPBN VALLEY, MONTANA. LOT NO. 1215. 

PbQspbatlo Male member of Plaoapboria formatiOD aampled in band trench near top of ridp on weat aide of Aapen Valle~. SEiBEl He. 11, 
T. 6 s .• R. 1 •·· Madisoal Count,, llootana, on cwerturned weat limb of Madteoa .Rant• ·~cline. Beda atria N. 45• E. and dip ss• NW. Section 
IIIIII8S8Nd bJ R. W. SW&D&OD and aampled by J. A. Mann and J. G. Evana in Aupat 1947. Sample• analysed bJ U. 8. Bureau of Mine& Laboratory, 
....... Ofttaa. 

zo 
19 
18 
11 
16 

u 
14 
u 
u 
11 

10 
9 
8 
1 
6 

I • s 
I 
1 

Rook deacripUOD 

Phosphoria forllla.tioa--top and base not exposed 

ludataDe --
Quartatte RWS-.,·47 
Chert aed mlldatone RWS·U-47 
Chert and mudatone RWS-41-47 
CMrt aad mudatoae RWS·.0-47 

1111datCIIIe RWS-39-47 
ftoapbate rock, cherty RWS-38-47 
Umeatooe, arllllaoeoua RWS-37-47 
Chert and mudatone RWS-36·47 
CMI't and mudatODe RWS-35-47 

Chert and mudatone RWS-34-47 
Chert aad mudatone RWS-33·47 
Plloap._te rock RWS-32-47 
Pboapbte rook RWS-31·47 
Muatoae RWS-30-47 

ldmestoae RWS-Zt-47 
MudatoM, oaleareau RWS-28·47 
Pbocpbate roek and mudatone RWS-27-47 
Phoapbate roek ud pboaphaUc •andatone RWS-26·47 
SaDdatGM RWS-25·47 

• Cumulative data incomplete due to missing information. 
•• Note incompleteness of cumulative data, 

2. 1 -- --
0.75 1.3 --
4.2 0.9 --
2.5 I 0.6 --
4.45 0.7 --
o. 55 1.3 --
0.25 23.5 z.os 
1.0 0.1 --
4.55 0.5 --
4.45 0.7 --
4.5 0.7 --
2.25 0.5 --
1.6 Sl.O 3.0 
0.3 16.9 2.97 
o.u 1.4 --
0.83 0.7 --
0,7 3.7 --
0.6 14.6 1. 52 
0.55 21.3 ---
0.8 1.6 --

--
90.1 
81.8 
.... o 
78.0 

75.4 
31,4 
37.6 
50.6 
82. J 

82.4 
84.9 
11.8 
18.0 
72.3 

15.4 
56.7 
37.0 
38.9 
92.9 

Cumulative 
tbiclmeas 

(teet) 

2.1 
2.85 
7.05 
9. 55 

14.00 

1"- 55 
14.80 
15.80 
20.35 
24.80 

29.30 
31.55 
33.15 
33.45 
33.90 

34.73 
35.43 
36.03 
36.58 
37.38 

Tbicbeuz 
percent P 20.5 
(cumulatiYeJ 

--
0.98* 
4,76 
6.26 
9.11 

10.08 
15.96 
16.46 
18.74 
Zl.85 

zs.oo 
26.12 
75.8Z 
83.10 
M.U 

85.01 
87.60 
96.S6 

108.07 
109.35'1'* 

Saaplea analysed for eU aad 
cbem. U b7 the U. S. Qeolopcal 
Suney Laboratory, Geochemiatry 
ud Petrolog Branch. 

·- --
.0005 --
.0005 --.0005 --
.0005 --
.001 --
.007 .006 
.0005 --
.001 .000 
.8005 ·-
.0005 --.0005 --
.009 .008 
.ou .014 
.oos --
.0005 --.oos .003 
.010 .004 
.007 .006 
.0005 --

Thicluw88 X 
pereent eU 

(cumulative) 

--
.ooo. 
.ooz 
.004 
.006 

.006 

.008 

.009 

.013 

.016 

.018 
• 019 
,033 
.038 
.039 

.040 

.ou 

.049 
,053 
.05,.. .__ _____ 

r",) 
. ~.) 



SHELL CANYON, MONTANA. LOT NO. 1214. 

Phosphoria formation measured and phosphatic shale member sampled in hand trench and outcrop on north side of Shell Creek canyon, 
SWiNE* sec. 33, T. 6 S., R. 1 E., Madison County, Montana, near crest of small dome at west side of Madison Range syncline. Beds strike N. 5• 
W. and dip lZ• W. Section measured by R. W. Swanson and sampled by J. A. Mann and J. G. Evans in August 1947. Samples analyzed by U.S. 
Bureau of Mines Laboratory, Albany, OreJOn. 

Bed 
no. Rock description 

Dinwoody formation 

Cumulative 
thickness 

(feet) 

Thickness x 
percent P2o5 (cumulative} 

Samples analyzed for eU aDd 
chem. U by the U. S. Geological 
Survey Laboratory, Geochemistry 
and Petroloc Branch. 

Thickness x 
percent eU 

(cumulative) 

I 

'Jfod -1 Limestone -- I 25 · o I -- I -- I · -- I 25• o nnnl -- I -- I -- I 
Phosphoria formation 

4) Sandstone, calcareous, cherty -- 0.75 -- -- -- 0,75 -- -- -- --
4Z Sandstone, calcareous, cherty -- 6.0 -- -- -- 6. 75 -- -- -- --
41 Chert and sandstone -- 3.4 -- -- -- 10. 15 -- -- -- --
40 Quartzite -- 2. 8 -- -- -- 12.95 -- -- -- --
39 Limestone, cherty -- 1. 45 -- -- -- 14.40 -- -- -- --
38 Chert and quartzite -- 4.3 -- -- -- 18.70 -- -- -- --
31 Quartzite and chert -- 7.4 -- -- -- 26. 10 -- -- -- --
36 Chert and quartzite -- 5,8 -- -- -- 31.90 -- -- -- --
35 Quartzite -- 2.9 -- -- -- . 34..80 -- -- -- --
34 Quartzite and chert -- 11. 3 -- -- -- 46. 10 -- -- -- --
33 Quartzite -- 5.2 -- -- -- 51.30 -- -- -- --
3Z Sandstone and chert -- 3.3 -- -- -- 54.60 -- -- -- --
31 Chert, contains sandstone lenses -- 3.0 -- -- -- 57.60 -- -- -- --
30 Sandstone, quartzitic -- 5,3 -- -- -- 62.90 -- -- -· --
Z9 Sandstone, quartzitic, cherty -- 1.7 -- -- -- 64.60 -- -- -- --
28 Chert and quartzitic sandstone -- 4.6 -- -- -- 69.20 -- -- -- --
21 Chert and quartzite RWS-24-47 0.7 1.6 -- 90.2 69.90 1.12* .0005 -- .000* 
26 Chert RWS-23-47 3. 2 0. 6 -- 86.7 73. 10 3.04 .0005 -- .ooz 
u Chert, contains thin mudstone partings RWS-22-47 4.15 0,8 -- 84.7 77.25 6.36 .0005 .000 .004 
24 Chert, containa thin mudstone partiqa RWS-21-47 5.0 0.5 -- 85.0 82.25 8.86 .0005 -- .007 

23 Chert, contains thin mudstone partings RWS-20-4 7 5. 2 0.6 -- 82.1 87.45 11.98 • 0005 .000 .009 
2Z Chert, contains thin mudstone partings RWS-19-47 5. 1 0.9 -- 82.3 92.55 16.57 • 0005 .000 .OlZ 
21 Mudstone, calcareous RWS-18-47 1.2 1.1 -- 73.7 93.75 17,89 .001 .000 .013 
zo Phosphate rock, cherty RWS·l7-47 o. 55 19.2 -- 43.9 94.30 28.45 .006 .003 • 016 
19 Muclatone, calcareous RWS-16·47 1. 15 0.8 -- 50.0 95.45 29.37 .001 -- .017 

te Mudstone, calcareous RWS-15-47 3.7 0.9 -- 74.9 99. 15 32.70 • 001 I -- .OZl 
l7 Mudstone, cberty, calcareous RWS-14-47 0.75 0.6 -- 72,0 99.90 33.15 . 0005 .000 .OZl 

"' * Cumulative data incomplete due to missing information. 

w 
0 



Bed Rock description 
DO. 

16 Mudstone 
15 Phosphate rock, artillaceoua 
14 Phosphate rock 
13 Phosphate rock 
u Mudstone 

u Limestone, artillaceous 
10 Mudstone, calcareous 
9 Mudstone, calcareous 
8 Mudstone and phosphate rock 
7 Sandstone, quartzitic, phosphatic and chert 

6 Sandstone, quartzitic 
5 Sandatone, quartzitic 
4 Sandstone, quartzitic 
3 Sandatone, quartzitic 
z Chert 
1 Sandstone, quartzitic and chert 

C q-11 Limestone, chartv 
Cq-ZI Sandstone, quartzitic 

•• Note incompleteness ot cumulative data. 

Sample Thickness Chemical analyses ,percent) 
AC1c:1 no. (teet) PzOs F insoluble 

RWS·13·47 z.os 0.1 -· 80.5 
RWS-1Z-47 o. 75 Z3.6 Z.48 30.Z 
RWS-11-47 0,5 3Z.4 3.43 8. 1 
RWS·10-47 1. 5 3Z.5 3.44 8. 4 
RWS- 9-47 0.5 3.7 -- 70.6 

RWS- 8-f7 l.Z 0.5 -- zo.o 
RWS- 7-47 0.8 3.6 -- 55.Z 
RWS- 6-47 0.45 6.0 0. 79 47.3 
RWS- 5-47 0.65 14.9 1. 58 40.4 
RWS- 4·47 1.0 9.5 -- 70.5 

RWS- 3-47 1. 9 1.1 -- 90. 1 
RWS- Z-47 0.85 1.0 -- 93.3 
RWS- 1-47 0.7 0.8 -- 9Z.Z - -- 5.55 -- -- ---- 3. 75 -- -· ---- 2.5 -- -- --

- - ·· -------

Quadrant formation 
----

Cumulative 
thickness 

(teet) 

101.95 
10Z. 70 
103.ZO 
104.70 
lOS.ZO 

106.40 
107.ZO 
107.65 
108.30 
109.30 

111. zo 
112.05 
liZ. 75 
118. 30 
1ZZ.05 
124.55 

3.0 
13.0 

Thickness x 
percent P2 0 
( cumula~1vef 

33.36 
51.06 \ 
67.Z6 

116.01 
117.86 

118.f6 
1Z1.34 
1Z".04 
133.7Z 
143.ZZ 

145.31 
146.16 
146.79•• ------

Uranium content 
(percei\t) 

eU Cbem. U 

. 001 .000 

.008 .006 
• 011 .013 
.011 .009 
.oo• • 001 

.0005 --

.oos --

.005 .003 

.009 .004 
• 003 • ooz 

• 0005 .ooz 
• 00&5 .000 
• 0005 .ooo -- ---- ---- --

Thickness x 
percent eU 

(cumulative) 

• OZ3 
.OZ9 
.035 
. 051 
.053 

.054 
• 056 
. 059 
• 065 
• 068 

. 068 

. 069 

. 069** 
------

(A} 
~ 



·, 

WEST FORK OF GALLATIN RIVER, MONTANA. LOT NO. 1216. 

Part of Phosphoria formation sampled in hand trench and outcrops on slope north of West Fork of Gallatin River, NWtsEt sec. 3Z, 
T. 6 S., R. 4 E., Gallatin County, Montana, from strata dragged up beneath Gardiner thrust fault. Beds strike N. 35• W. and dip 45-50• 
SW. Section measured by R. W. Swanson and sampled by J. A. Mann and J. G. Evans in September 1947. Samples analyzed by u.S. 
Bureau of Mines Laboratory, Albany, Oregon. · 

Che(~~al an~)lyses Cumulative Thickness x 
Bed Sample Thickness ercent thickness percent ~or no. Rock description no. (feet) 

P205 I Acid (feet) (cumula w insoluble 

Phosphoria formation-lower part only 

zs Sandstone, quartzitic and chert -- 10.5 -- -- 10.5 --
Z4 Quartzite, contains chert concretions -- 2.0 -- -- 12. 5 --
Zl Limestone, contains chert concretions -- o. '1 -- -- 13.2 --
zz Chert and quartzite -- 5.5 -- -- 18. 7 --
21 Chert, quartzite and mudstone RWS-63-47 8.85 0.8 90. 1 27.55 7.08* 

20 Quartzite RWS-62-47 0. 6.5 2.0 89.2 28.20 8.38 
19 Chert and mudstone RWS-61-47 5. 75 0.7 84.8 33.95 12.41 
18 Chert and mudstone RWS-60-47 3 .• 4 0.6 90.7 37. 35 14.45 
17 Chert and mudstone RWS-59-47 4.45 0. 7 91.0 41.80 17.56 
16 Mudstone, phosphatic RWS-58-47 0. 3 14.9 5(. 3 4Z. 10 22.03 

15 Mudstone RWS-57-47 l. 35 0.9 81. 1 43.45 23.25 
14 Mudstone RWS-56-47 1.8 0.8 8l:i. 1 45. Z5 24.69 
13 Mudstone RWS-55-47 0.85 0.8 81. 1 46. 10 Z5. 37 
12 Mudstone RWS-54-47 2. 5 1.1 84.2 48.60 28.12 
11 Phosphate rock, argillaceous RWS-53-47 0.45 2Z.Z 39.4 49.05 38. 11 

10 Phosphate rock, argillaceous RWS-52-47 0.7 26.2 77.0 49.75 56.45 
9 Sandstone, phosphatic RWS-51-47 1.5 8.3 70.2 51. Z5 68.90 
8 Sandstone RWS-50-4 7 1.6 0.6 88. 1 52.85 69.86 
7 Mudstone, contains quartzitic sandstone 

concretions RWS-49-47 1.3 1.1 81.3 54.15 71. Z9 
6 Chert, t:alc!areous mudstone, and quartzite RWS-48-47 1.35 1.5 55.0 55.50 73.31 

5 Quartzite, cherty RWS-47-47 2.2 1.4 91.9 57.70 76.39 
4 Mudstone, sandy; contains quartzitic 

concretions RWS-46-47 1. 15 z. z 87.2 58.85 78.92 
3 Mudstone, calcareous and quartzite RWS-45-47 1:05 0.9 77 . 1 59.90 79.87 
z Sandstone, quartzitic RWS-44-47 1.?. 0.8 95.2 61. 10 80.83** 
1 Quartzite -- 4.3 -- -- 65.40 --

------ --
Quadrant formation 

Samples analyzed for eU and 
chem. U by the U.S. Geological 
Survey Laboratory, Geochemistry 
and Petrology Branch. 

Uranium co:;tent Thickness x 
(percent percent eU 

eU I Cbem. U (cumulative) 

-- -- ---- -- ---- -- ---- -- --
.0005 -- .004* 

.0005 -- .005 

.0005 -- . 008 

.0005 -- • 009 

.0005 -- • 012 

.006 .005 .013 

• 001 -- .015 
. 001 -- . 017 
.ooz -- . 018 
• 001 .000 . 021 
.008 .008 . OZ4 

.009 .007 . 031 

.003 • 001 . 035 

. 0005 .000 • 036 

.001 .000 . 037 

.0005 .ooo . 038 

. 001 .000 . 040 

.005 .000 . 046 

.ooos -- .046 

.0005 .000 . 047** 

Cq-1 Chert -- 1. 8 -- -- 1. 8 -- -- --~-- -·· I I I I I I I I I C~Chert and sandstone -- 6. 3 -- -- 8. 1 -- -- --

• Cumulative data. incomplete due to missing information. 
•• Note incompleteness of cQmulative data. 

.,_ 

~~ . 
... . ~ : 

(. 



PORCUPINE CREEK. MONTANA. LOT NO. 1Z17. 

Part ot Phosphoria formation samRJ:ed in hand trench and outcrops on slope li miles north ot Porcupine Creek, NEi-SEi sec. 10, 
T. 7.B, R. 4 E., Gallatin County, Montana, from strata draged up beneath Gardiner thrust fault. Beds strike N. 4o• W. and dip 75• 
SW. section measured by R. W. Swanson and sampled by J. A. Mann and J. G. Evans in September 1947. Samples analyzed by U.S. 
Bureau ot Mines Laboratory, Albany, Oreeon. 

Bed Sample Thlclmess 
Chemical analyses 

no. Rock description (percent) 
no. (teet) p 0 l ACIO 2 5 insoluble 

Phosphoria formation--lower part only 

zo Sandstone -- '>.0 
19 Chert, contains sandstone lenses -- 2.6 
18 Sandstone -- 4.8 
17 Sandstone, quartz itic RWS-79-47 0.6 
16 Chert, contains mudstone partints RWS-78-47 4.6 

15 Chert, contains mudstone partints RWS-77-47 3.9 
14 Chert, contains mudstone partinp RWS-76·47 3.6 
13 Chert,· contains mudstone partinas RWS-75-47 1. 55 
u Chert, contains mudstone partints RWS-74-4.7 1.0 
11 Chert, contains mudstone partinas RWS - 73-47 0 . 95 

10 Chert, contains mudstone partinas RWS-7Z-47 1. 65 
9 Sandstone RWS-71-47 0.6 
8 Mudstone, calcareous RWS-70-47 0.8 
7 Limestone, arpllaceouli RWS-69-47 o. 7 
6 Mudstone RWS-68-47 2.9 

5 Phosphate rock a.nd mudstone RWS- 67·47 1.0 
4 Limestone, contains sandstone concretions RWS-66-47 1.25 
3 Mudstone, contains sandstone concretiona RWS-65-47 0.6 
z Sandstone, quartzitic RWS-64-47 0.67 
1 Sandstone -- 9.5 

Quadrant formation 

Cq-11 Sandstone 
Cq-2 Sandstone and chert 
Cq-3 Sandstone 

• Cumulative data incomplete due to missina information. 
'"Note incompleteness ot cumulative data. 

-- ---- ---- --
1.6 93.1 
0.8 82. 1 

0.4 86.0 
0.9 84.8 
3.3 87.0 
0.8 87.4 
0.6 86.0 

1. 1 87.4 
6.9 76.6 
1.4 60.8 
0.4 45.5 
1.6 81.8 

22.9 35.0 
0.8 59. 3 
1.8 78.5 
2.6 86.7 -- --

Cumulative 
thickness 

---

(feet) 

6.0 
8.6 

13.4 
14.0 
18.~ 

22.~ 
Z6. 1 
27.65 
zs. 65 
29.60 

31. zs 
31.85 
3Z.~5 
33.35 
36.25 

37.25 
38. so 
39.10 
39.77 
49.Z7 

1. 5 
1Z.9 
22.9 

Thickness z 
percent PJ!>, 

(cumula e 

------
0.96* 
4.64 

6.20 
9.44 

14.56 
15.36 
15.93 

17.75 
21.89 
Z3.01 
Z3.Z9 
Z7.93 

50.83 
51.83 
5Z.91 
54. 6s•• --

Samples analysed for e U and 
cbem. U by tbe lJ. s. Geologtcal 
SUJ"fty LaboratoJ7. Geochemistry 
and Petroloty Br&llC'h. 

Ur~um content Thickness x 
oercent5 . percent eU 

eu ICbem.U (cumulative) 

-- -- ---- -- ---- -- --
.0005 -- .000* 
.0005 -- .003 

.0005 -- .005 

.0005 -- .006 

.ooos .007 

.0005 -- .008 

.0005 -- .008 

.0005 -- .009 

.001 -- • 010 

.001 -- • 010 

.0005 -- .011 

.ooz -- . 016 

.009 .007 . ozs 

.0005 -- .OZ6 

.0005 -- .OZ6 

.0005 -- .OZ7** -- -- --

/ 

(._ 
•• A) 



DALY'S SPUR, MONTANA. LOT NOS. 1222 AND 1223. 

Phosphoria formation sam~led near Daly's Spur, west side of Beaverhead River; A, B, c1 and E members, lot no. 12Z3, sampled in hand 
treacb and natural exposures, SW4SWi sec. 36; and D member, lot no. 1222, in band trench, NW4SWi sec. 36, T. 8 S., R. 1'0 W., Beaverhead 
Couaty, Montana. Beds strike north toN. 30• E. and dip 30-40• W. Section measured by W. R. Lowell and sampled by D. A. Bostwick, R. L. Parker, 
and!:,., T. Ruppel in July 1937. Samples analyzed by U.S. Bureau of Mines Laboratory, Albany, Oregon. 

Bed 
no. 

B-10 
E- 9 
B- 8 

·- 7 
B- 6 
E- 5 
E- 4 
E- 3 
B- Z 

E• 1 --

D-U 
D-44 
D-43 
D-4Z 
D-41 

D-40 
D-S9 
D-38 
D-37 
D-36 

Rock description 

Dinwoody formation--base not exposed 

E member of Phosphoria formation, lot no. 12Z3-:-top not exposed 

Dinwoody-Phosphoria contact concealed bJ 
basalt now. estimated thickness of 
coventd E member -- 20.0 -- --

Quartsite WRL-286-47 Z3.7 2.2 --
Chert WRL-285-47 12.5 1.5 --
Quartzite, chert, aad aawiatoBe WRL-284-47 9.8 2.2 --
Chert, sandy WRL-283-47 20.4 1..5 --
Chert, sandy WRL-282-47 22.3 1.6 --
Chert WRL-281-47 7.4 2.5 --
Chert, sandy WRL-280-47 14.7 1.7 --
Mudstone, containa IJPSUm WRL-279-47 0. 5 2.Z --
Chert WRL-278-47 3.6 2.6 --
Quartaite, cherty, phosphatic WRL 277·47 1.2 16.6 --
Chert WRL- 46- 47 -- 5. 9 --

WRL-46-47 is corr elative with WRL-277-47 but occurs in same trench as D member. 

D member of Phosphoria formation, lot no. 1222 

Mudstone WRL- 45-47 
Mudstone WRL- 44-47 
Mudstone WRL- 43-47 
Phosphate rock, ar,Ulaceoua WRL- 42-47 
Mudstone, phosphatic WRL- 41-47 

Phosphate rock, ar,Ulaoeous WRL- 40-.47 
Mudstone, phosphatic WRL- 39-47 
Phosphate rock and phosphatic mudstone WRL- 38-47 
Mudstone, calcareous WRL.., 37•47 
Phosphate rock, argillaceous WRL- 36-47 

• Cumulative data incomplete due to missing information. 
•• Note incompleteness of cumulative data. 

1.0 
1. 3 
1. 4 
0.8 
0.7 

0.3 
1.2 
1.5 
0.9 
0.5 

3. 5 --
3.2 --
1.8 --

25.3 2.44 
13,7 1. 17 

28.6 --
17.0 1. 60 
22. 1 --

6. 1 --
22.2 --

--
89.4 
91.0 
89.5 
90. 1 

89.6 
87.3 
89. 1 
78.3 
86.3 

50. 6 
78.5 

80,0 
78.5 
66. 7 
30.1 
51. 1 

22.2 
45. 1 
32.8 
45.5 
32.0 

Cumulative 
thickness 

(feet) 

20.0 
43.7 
56.2 
66.0 
86.4 

108.7 
116. 1 
130.8 
131.3 
134.9 

136. 1 --

1.0 
2. 3 
3. 7 
4.5 
5. 2 

5. 5 
6.7 
8, 2 
9. 1 
9.7 

Thickness x 
percent P 0 
(cumulat~ef 

--
52 • .14• 
70.89 
92.45 

123.05 

158:73 
177.Z3 
zoz.zz 
203.32 
2tZ.68 

232.60•• --

3.50 
7.66 

10,18 
30.4Z 
40.01 

48.59 
68.99 

102.14 
107.63 
120.95 

Samples analyzed for eU and 
chem. U by the U. S. Geological 
Survey Laboratory, Geochemistry 
and PetrolOIJ Branch. 

-- --
,001 .ooo 
• 001 .000 
• 001 .ooo 
.001 .ooo 

• 0005 .000 
.001 .ooo 
• 0005 .000 
.001 .000 
• 001 .000 

.001 .005 

.003 • 0(11 

.'oo3 • 000 

.ooz .000 

.ooz • Oil 

.007 .ot9 

.004 .002 

•. 008 .007 
.016 .005 
.007 .017 
.004 --
• 010 .010 

Thickness x 
percent eU 

(cumulative) 

--
.OZ4* 
.036 
.046 
.066 

. 078 

.085 

.09Z 
• 093 
.096 

• 106•• 
--

.003 

.006 

.po8 

.014 

.017 

• 019 
.038 
.049 
.osz 
.058 

( -
+-=-



_Bed Sample Tbiclmess Chemical anAlyses (percent) 
Rock description AC1d no. no. (feet) P205 F insoluble 

D-35 Mudstoae, phoaphatic WRL- 35·47 0.5 10. 1 -- 53.8 
D-34 Mudstoae WR~- 34·47 0.4 4.8 0.41 71.5 
D-33 Phosphate rock, artWaceous WRL· 33~47 0.4 22.4 -- 23.5 
D-32 Mudstone, calcareous WRL· 32·47 0.3 2.9 -- 55.8 
D-31 Phosphate rock, ar,ulaceoua WRL- 31-47 0.3 19.0 -- 33.0 

D-30 Mudstooe, calcareous WRL- 30·47 4.0 4.2 -- 42.6 
D·29 Mudstone, calcareous WRL- 29·47 5.0 2.9 -- 49.9 
D-21 Mudstone, calcareous WRL- 28-47 0.8 2.7 -- 61.3 
D·Z7 MudstCllle, calcareous WRL- 27-47 2. 1 0.6 -- 65.9 
D•26 Mudstone, calcareous WRL· 26-47 1.6 1.6 -- 67.9 

D•25 Mudstone, calcareous WRL- 25·47 2.7 2.0 - 63.3 
D-Z4 Mudstcme, calcareous WRL- 24-47 1.2 1.6 -- 65.5 
D-Zl MudstoM, calcareous WRL· 23·47 1.2 0.6 -- 63.6 
D-ZZ Mudstone, calcareous WRL- 22:-47 1. 6 1.1 -- 35.0 
D-21 Mudatane, calcareous WRL- 21-47 0.8 1. 2 -- 69.4 

n-zo MudatCllle WRL- 20·47 1.7 1. 8 -- 71.5 
D-19 Muclatoae, calcareous WRL· 19·47 1.2 2.9 - 50.2 
D·ll Phosphate rock WRL- 18•47 0.3 27.4 3.8 19.3 
D-17 Mudatoae, oaleanoua WRL· 17-47 0.8 ••• -- 60.6 
D-16 Pboaphate rook WRL- 16-47 1.2 33.1 4.1 6.7 

D-11 llladatoee, calcareous WRL· 15-47 1.4 6.8 -- 52.3 
D•14 Phoapbate rock, ar,ulaceous WRL· 11·47 1. 7 22.6 -- 24.62 
D·U Limes tOM WRL· U-47 0.9 3.9 -- 11,6 
D•U Mlld8tGM, phosphatic WRL- 1Z•47 0.8 10.0 -- 49.1 
D-11 Pboepbate rock and mudstone WRL- 11·47 0,5 22.8 -- 21.3 

D-10 Mudatoae and phoepbate rock WRL- 10·47 1. 3 11.0 -- 48.3 
D- 9 Phoapbate rock, ar,W.acaous WRL- 9-47 1.3 24.<& 2.48 24.7 
D- 8 Mudstoae, c&lcareous WRL- a-.n o.s 0.2 -- 68.3 
D- 7 MudstOM and phosphate rock WRL- 7·47 1. 5 14.7 1. 28 48.2 
D• 6 MudatOM WRL· 6!"t7 1. 0 5.3 0.68 71.2 

D• 5 PllcMipbate rock, arpllaceous WRL· 5·47 1. 6 17.2 -- 36.9 
D• 4 Pboaphate rock, ar,ulaceoua, contains 

UP Sum WRL· 4•47 1.4 20.3 -- 27.5 
D• J Mudstone, phosphatic, contains QPaum WRL- 3•47 0.9 8.8 --- 62.1 
D• 2 lludetoae WRL• 2·47 0.8 3.3 -- 75.8 
D• 1 lludatoae, phoephaUc WRL· l-47 1. 2 13.8 1.33 45.9 

C member of Phosphoria formation, lot no. 1223 

c-u 1 Suadatone 
C•lO Sudetone and cbert 

Cumulative 
thickness 

(feet) 

10.2 
10.6 
11.0 
11.3 
11.6 

15.6 
20.6 
21.4 
Z3.5 
25. 1 

27.8 
29.0 
30.2 
31.8 
32.6 

34.3 
35.5 
35.8 
36.6 
37.8 

39.2 
40., 
41.8 
U.6 
43.1 

44.4 
45.7 
46.2 
t.7. 7 
48.7 

50.3 

51.7 
5!.6 
53.4 
54.6 

2. 2 
4.9 

Thickness x 
percent P~J 
(cumulat 

126.00 
1Z7.92 
136.88 
137.75 
143.45 

160.25 
174.75 
176.91 
118. 17 
180.73 

186.13 
188.05 
188.77 
190.53 
191.49 

194.55 
198.03 
206.25 
209.77 
2<&9.79 

259.01 
297.43 
300.94 
308.94 
310.34 

3U.64 
366.36 
366.46 
388.51 
393.81 

421.33 

449.75 
457.67 
460.31 
416.87 

33.22 
43.75 

U~u:-' cijtent Thickness x 
rcent percent eU 

eu Cbem. u (cumulative), 

.006 .004 .062 
• • 004 -- • 063 

.010 .008 • 067 

.003 -- .068 
,009 .007 .071 

.003 -- .083 

.004 -- • 103 

.003 -- • 105 

.ooz -- • 109 

.003 -- .114 

.003 ... .1Z2 

.ooz -- .ll5 

.ooz -- .1Z7 

.ooz -- .130 

.H2 -- . 132 

.HZ -- .us 

.004 .HZ • 140 ' 

.H7 .005 . 142 

.OOJ .002 • 144 

... 1 .007 .153 

.005 .003 . 160 

.H7 .005 . 112 

.001 -- .173 

.004 -- .176 
~005 .003 . 178 

.004 -- • 184 

.005 .005 • 190 
• 001 .... • 191 
.005 .103 • 198 
.002 .OG3 . zoo 

.005 .003 .208 

.005 .003 • 215 

.004 .IG2 . 219 

.oos .007 • 221 

.005 .003 • 227 
- --~ --

--· 
• Cumulative data incomplete due 

to miaalng information. 

w 
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c- 9 SaDdatone. calcanoua WRL•Z74·47 1.7 o.a -- t6.9 13.6 10.71 .001 .ooo 
c- 8 SaDdatoae 'tVRL•2 73·4 7 11.0 1. 3 -- 90.8 Z4.6 65.01 -- --c- 7 Chert and Nlldatone WRL·27Z·f7 9. 0 o.z -- 95.1 33.6 66.81 ~8005 .100 
c- 6 SaadatoDe aDd ·-.ny mudatooe WRL·Z71·47 14.5 0.5 -- 9Z.8 48.1 7-6.06 - .... 
c- s Saldatone ud chert WRL·Z70·47 Z.8 1. 3 -- 91.3 50.9 77.70 -- --
c- 4 SaDCiatoae WRL·Z69·47 7.4 z.s -- 78.Z 58.3 96.ZO .... .000 
c- 3 SaadatoDe. cberv WRL•268·47 9.Z s.t 0.71 80.0 67.5 145.88 .001 ... 
c- z SaDdatoDe uacl chert WRL-267-47 11.0 1. 9 -- 87.6 78. 5 166.78 .001 .100 
c- 1 SaadatoDe aDd chert WRL•Z66-47 12.1 1. 1 -- 9Z. 5 90.6 180.09 .001 ... 

B member of Pboapboria tormat1oo. lot no. lZU 

B- 5 MudatoDe WRL-Z65·47 3.1 6.7 0.68 67.0 3. 1 Z0. '77 .005 .003 
B• 4 Mudatooe WRL-264·-67 0.8 6.0 -- 69.6 3.9 Z5.57 .00] .001 
B· 3 Pboapbate rock WRL·Z63-47 0.4 35.7 3.56 6.4 4.3 39.85 .Oil • 010 
B· Z Mudatone WRL•26Z·47 0.3 4.5 -- 76.5 4.6 41.20 .003 .001 
B· 1 Pboapbate rook WRL-261-47 0.7 36.4 3.57 5.Z 5. 3 66.68 .009 .008 

------
A member of Pboapboria formation, lot no. 1 ZZ3 

A·10 Sandstone WRL-Z60·47 Z.4 4.4 -- 84.4 2.4 10.56 .001 .001 
A· 9 Sandatone and mudatCIIMi WRL-259·47 3,3 0.5 -- 82.0 5. 7 12.21 .ooz .000 
A• 8 SaDdatone. cbert;y WRL-258-47 1.4 0.8 -- 90.5 7.1 13.33 .001 .ooo 
A• 7 Mudatone WRL-257-47 4.2 0.6 --- 80,0 11.3 15.85 .ooz .000 
A· 6 SandatoDe. calcareoua WRL-256·47 3,0 o. 1 -- 76.6 14.3 16.15 .001 .ooo 

A- 5 Lime atone WRL·Z55-47 2.8 0.2 -- 18.9 17.1 16.71 .0001 .ooo 
A· 4 Mudatone WRL-254·47 0.7 0.5 -- 79.3 17.8 17.06 .ooz .ooo 
A- 3 Limeatone WRL-253-47 3.5 0.0 -- Z.6 21.3 17.06 .0005 .ooo 
A• 2 Mudatou WRL·Z51-.t7 1.5 0.4 -- 80.6 22.8 17.66 .ooz .ooo 
A- 1 Limestone WRL~251·47 6.7 0.3 -- 1.9 Z9.5 19.67 • 0005 .ooo 

----

Quadrant formaUon 

I I --- -- f- -- I I I I I 1 I ------1 ThicU.aa of Quadrant tormat10G 
-expoMd lD cUff •• .tOO. · -· -- -- ·- •• •• ... 

----------
--
-----
.016 
.018 
.Oll 
• 0211 
.OJ8 

.ooz 

.009 

.010 
, 019 
.ozz 
.OZ3 
.025 
.028 
.029 
.033 

w 
m 



SHEEP CltEEK, MONTANA. LOT NO. 1Z34. 

Pboapboria formation aamplecl iD two bulldozer treocbn near Sheep Creek Canyon, NWiswt aec. Z3, T. 9 S., R. 9 w., Beaverhead County, 
IIOIIt&Da, oo weat aide ol.lmall Rom Canyon anticliDe. Beda strike N. Z3-41• E. and dip 30-45• NW. Section meaaured by L.A. Thomas, E. R. 
Creaaman, 0. A. PayM, v. E. McKelvey, D. A. Boatwick, F. S. Honkala, and J. E. Smedley and sampled by W. H. Wilson, Payne, R. L. Konizeaki, 
Thomas, aod Creaaman 1D JUM 1948. Sample• analysed for P20~ and acid insoluble by U.S. Bureau of Mines Laboratory, Albany, Oreaon, and for 
other cooatitueota by Trace Elemeota Section Laboratory, U. s-. aeololical Survey, Washinaton, D. C. 

lied ...,. Bock deMrlpttGa 

'H•J I J1111UtOM. oalcareoua 

•·11 hadeto., f •• col. no • .U•ItPM•Ul 
·-10 ...._tau ucl chert 

·- 9 
CMrt and muda'-

... 8 &udatOM, OMI't, Mel mlldatcDe; ro.. eoJ. • 
110. fi•KPII •fZ. 

•· 7 ._..tOMudchel't 

·- 6 
luclatoneud•rt 

S• I ........... ·-. lhdatoM aad ollert 

·- s 
lludatau 

•- a ludaU.. ud oMI't 

... 1 ~. plrlcMiplaatlo, foe. col. no. 
<&&•KPIII•U 

D·fS lluatau, ~boapbatie 
D•47 lludatOM, oa. col. DO. 41-KPII-<60 
D-<66 lludatOM, pbDQUUc, to•. col. DO, 

U•XPII•lt 
D•U MudatOM, foa. ool. DO. 41-KPII-38 

n-" II taUt-. 

D_..J 11\ldat~ 
D-U lludatoee, pboeph&tlc 
D•o&l II~ ........ Uc 
D•o&o Ptloapute r~ceou -- ll.at-. ... te rock 

Dinwoody formation--basal bed only 

E member ot Phosphoria formation 

DAB- 79 1.9 1. 7 Z.5 .t.6 
LAT- 78 lO.Z 1.6 5. 1 3.0 
LAT- 77 13.7 z. 1 .... 3.4 

LAT- 76 13.5 1. 7 Z.3 3.5 
II:RC- 75 1-t.O Z.4 z. 1 3.9 

II:RC- 74 17. 1 Z.6 Z.9 z.a 
J:RC- 73 13.6 z. 7 1.0 4.0 
DAB- 1Z 10.5 3. 3 z.z 3. z 
DAB- 71 10.8 1.6 4.8 Z.3 
DAB- 70 4.1 3.0 1.0 3.Z 

DAB• 69 0.11 17. Z z.z 1.5 

D member ol Pboapboria formatloo 

VJ:M• 1 0.9 16.Z 7.4 3.6 
VJ:M- 2. 1.3 7.4 9.Z z.o& 

VBIII· J Z.3 u.s 8.7 Z.l 
VBII- f 1.3 1. 7 ll.Z 1. 9 
JBS - I z.z 3. z 9.9 f.] 

J.U- 6 0.5 1. 6 8.8 z.o 
JIIS • 1 1.6 15.6 6. 7 ~~· JIIS • 8 1." 9. z 9.0 3.3 
OA~- 9 0.5 za.1 <&.7 Z.3 
OA •315 (0. 3) Z3.8 4.1 1.1 

OAP•SII repJ"esents the ume bed •• OAP-9 but Wtt.l collected from a more weathered zone. 

D•S9 MuUtoae 

I 
OAP• 10 l 0.4 l S. 811Z. Z l 3.1 I D•JI P....,._......_ arlf.Ua .... • OAP• 11 o.s 11.3 7,0 l.o& 

1.5 87.9 
.z. 3 87.3 
1.8 88.9 

1. 5 88.6 
1. 0 86.9 

1.3 88.1 
1.0 87.0 
1.Z 86.5 
z.8 88.3 
o.8 87.9 

z.s 51. 1 

8.0 43.6 
9.7 64.6 

I 
10.0 51.9 
9.3 79.0 

13.<& 70.4 

11 •• 76.3 
11.1 .ts.9 
1f.Z 54.4 
7.5 34.5 
6.9 Z8.7 

16.8 67.0 
14.0 34.4 

Cumulative 
tbicmeas 

(f .. t) 

1. 9 
1Z.1 
zs.8 

39.3 
53.3 

70.4 
8<6. 0 
9<6.5 

101.3 
109.4 

110.15 

0.9 
z.z 

••• 5.8 
1.0 

1.5 
10.1 
u.s u.o --
U • .t 
ll. 7 

Thickoeaa x 
perceo~ ~.!OS 
(C1111l~J 

1.n 
19.55 
o&l.n 

71.%7 
1M. 87 

1<69.JJ 
186.05 
U0.70 
IJ7.91 
JIO.JI 

163.11 

1<6.51 
M.JO 

IZ.95 
55.16 
6J.ZO 

6S.OO 
17.96 

100.8<6 
111.19 --
US.<61 
111.90 

s..plea analysed for eU and 
ebem. U by the U. S. Geological 
sane,. Laboratory, Geochemistry 
IUIIIl Petrology Br&DCb. 

Thiclmess x 
1 p=·~· 1 perceat chem. U 

-• 
1 ~ - " (Cllaulative) 

.1005 . 000 .ooo 

.1005 .000 .ooo 

.1105 . OGl .014 

.1001 • 001 .OZ7 

.... 1 • 001 .041 

.0005 .ooo .041 
.0005 .001 ,055 
.0805 • 001 .065 
.1001 • 001 .076 
.... 1 .001 .oao 

·"' .003 .•z 

. 017 .004 .OM 

.1M .001 .005 

.1M .004 • 01<6 

.lOS .001 .015 

.II& .oez .ozo 

.ooz .ooz .OZl 

.001 • .007 .03! 

.105 .005 .039 

.Ill .001 .040 ..... .ooz --

.liS .001 .040 

.OOT .IOZ .MO 

w _.., 



D-37~ Mudstone 

I 
OAP- 12 

I 
0.3 6.71 .... 1 •. 6 I 1Z.8 60.7 

I 
13.0 

I 
lZO, 91 

I 
.004 

I 
• 001 I .Ml 

D-36 Pboapbate rock, arJillaceous OAP- 13 1.9 17.6 6.5 2. 1 13.2 36.3 14.9 1~.35 .007 .005 .050 
D-35 Phosphate rock, arJillaceous LAT- 14 0.5 25.8 2.9 1.9 6.8 28.1 15.4 167.25 .006 .002 .051 

Phosphate rock. arglllaceoua LAT-386 (0. 5) 25.4. 2.8 1.0 9.3 l7.1 -- -- .006 .005 

LAT-386 "'pre..-ts the &Nile bed as LAT-14 but was sampled where the unit appeared to contain more argillaceous material. 

D-34 Phosphate rock, arJillaceous FSH- 15 0.8 20.2 4.8 1. 6 9.0 37.7 16.2 183.41 .006 .ooz .053 

D-33 Mudstone and phosphate rock FSH- 16 0.85 20.2 5.8 2. 1 10.5 35.6 17.05 200.58 .008 .OM .056 
D-32 llt!dstone FSH- 17 0.8 6.4 9.6 2.5 14.1 60.9 17.85 205.70 .oos .003 .059 
D-31 P~:»spbate rock, arJi11aceoua FSH- 18 0.8 26.0 3.9 1. 5 8.9 25.5 18.65 226.50 ,008 .004 .062 
D-30 Mudstone, FSH- 19 2.7 5. 2 10.2 3. 2 18.4 60.5 21.35 240.54 ,005 .002 .067 
D-29 Mudstone, ERC- 20 1.0 1.4 10.7 2.9 20.8 72.7 12.35 241.94 ' .ooz • 001 .068 

D-28 Mudstone LAT- 21 2.2 3. 5 10.0 3.4 16.4 64.2 24.55 249.64 .002 .003 .075 
D·Z7 Mudstone. calcareous; fos. col. no. 

48-KPM-37 LAT- 22 1.5 2.4 9.2 3. 7 30.1 53.3 26.05 253.24 .oos .ooz .078 
D-26 Mudstone LAT- 23 0.9 1.6 9.8 4. 1 30.5 54.2 26.95 254.58 .ooz .001 .079 
D-25 Mudstone, cal~areous LAT- 24 2.8 1.4 10.9 3. 7 21. i. 63.2 29.75 258.60 ,0005 • 001 .082 
D-24 Mudstone, calcareous ERC- 25 0.9 4.5 11.1 4.7 20.9 64.3 30.65 262,65 .OM .ooz .083 

Mudstone ERC-387 (0. 85) 2. 7 1.1 3.5 22.1 63.4 -- -- .oos • 001 

ERC-387 represents the same bed as ERC-25 but was sampled where the unit appeared to contain more argillaceous material. 
(._) 

D-Z3~ Mudat ... , eoleareoua ERC- Z6 1.9 1.6 10.6 4.1 30.6 56.7 32.55 265.69 .003 . 001 .085 
D-22 Mudstone. calcareous ERC- 27 0,8 2. 2 9.0 2.8 26.2 63.6 33,35 267.45 .003 • 003 .088 
D-Zl Mudstone, calcareous ERC- 28 0.75 3.8 10.0 1.9 30.0 58.0 34.10 270,30 .ooz • 003 .090 
D-20 Phosphate rock. arJillaceous; fos. col. 

no. 48-KPM-36 LAT- 29 1. 05 26.2 5.6 2.9 14.3 24.0 35. 15 297.81 .004 .003 .093 

D-19 Phosphate rock LAT- 30 0.65 31.9 3.9 1. 9 8.1 13.8 35.80 318.54 ,007 .006 .097 
D-18 Phosphate rock. argillaceous LAT- 31 1. 55 24.0 5,6 I. S 16.8 21.2 37,35 355.74 .007 .004 .103 
D-17 Phosphate rock and mudstone DAB- 32 0.85 21.3 6.8 1. 7 20.0 23.7 38.20 373.85 .006 .Oot .107 
D-16 Phosphate rock and mudstone DAB- 33 1. 33 16.4 6.7 3 •. , 19.6 35.0 39.53 395.66 .004 .004 .112 
D-15 Phosphate rock and mudstone; fos. col. 

no. 48-KPM-35 DAB- 34 1.16 14.6 7.9 2.6 19.0 39.0 40.69 412.60 .005 .004 .117 

D•l4 Mudstone. phosphatic ERC- 35 1.2 14.0 8.8 2. 5 22.5 39.1 41.89 429.40 .005 .004 .121 
D-13 Mudstone and phosphate rock ERC- 36 1.2 14.7 8,3 2.2 19.8 39.8 43.09 447.04 .005 ,005 .127 
D-12 Phosphate rock and mudstone~ fos. col. 

no. 48-KPM-34 ERC- 37 1.7 18.8 6.0 2.0 25.5 23,'7 44.79 U9.00 .006 • 005 .136 
D-11 Phosphate rock LlAB- 38 0.54 32.3 2.6 1.0 7. 1 11.9 45.33 496.U .006 .005 .139 
D-10 Phosphate rock and mudstone; fos. col. 

no. 48-KPM-33 DAB- 39 2.2 15.5 7.3 2.9 17.0 40.2 47.53 530.54 .004 .003 .145 

D- 91 Mudstone DAB- 40 0,5 6. 5 10.2 3.6 8.0 72.8 48,03 533.79 .003 .002 .146 
D- 8 Phosphate rock and mudstone DAB- 41 2.4 12,3 9.5 2.6 14.2 50.7 50.43 563.31 .004 .004 .156 
D• 7 Phosphate rock. argillaceous DAB- 42 1.3 15.9 10.5 2. 7 17.6 37.4 51.73 583,98 . 006 .006 .164 
D- 6 Mudstone and phosphate rock DAB- 43 1. 75 21.7 6.3 2. 5 10.5 32.6 53.48 621.96 .006 ,007 .176 

l Fossil collection made by K. P. McLaughlin. Paleontology and Stratigraphy Branch, U. s. Geolocical Survey. 



Bed Sample Thickness Chemical analyses (percent) 
Rock descriptiCD LOSS on ACld no. .no. (feed P205 Al2o3 Fe2o3 ipiUon insoluble 

D·! Mudstone, phosphatic ERC- -l4 1.5 10.4 9.7 3.8 14.5 56.8 
D· 4 Mudstone ERC· 45 2.4 6.0 11 . 1 3.5 16.0 65.7 
D- 3 Mudstone ERC· 46 0.8 6. 6 11.9 4.4 10.4 69.5 
D· 2 Mudstone and phosphate rock DAB- 47 1. 2 15.0 8.0 7.1 5.6 46.2 
D- 1 Phosphate rock and mudstone; fos. col. 

no. 48-KPM-32 DAB· 48 0.5 27.0 2.0 1. 7 2.4 28.7 
----------

C member ol Phosphoria formaUon 

C·lt Sandstone, arpllaceoua DAB• 49 Z.9 3.4 3.7 2.9 2.5 85.9 
C•l3 Sandstone ERC- 50 Z.3 3.6 3. 1 1.7 9.4 68.6 -- Sample of mudatcme nodules within 

bed C·13 ERC-388 -- 5.1 4.3 2.6 5.7 70.0 
C•lZ Sandstone, cberty1 fos . col. no. 

48-KPM-31 ERC· 51 7.2 3. z 3.0 z. 5 1. 6 88.1 
C-11 Chert and undstone ERC· 52 5,5 2.7 z. z Z.4 1.3 89.2 

C-10 Chert and sandstone LAT• 53 15.0 0.6 2. 1 Z.4 1.4 94.1 
c- 9 Chert and sandstone LAT· 54 20.5 0.9 4.1 2.9 2.3 91.3 -- Mudstone LAT-391 -- 1. 8 11.0 4.9 9.0 71.4 -- Mudstone, calcareous LAT·390 -- 2.0 14.3 4.8 11.8 66.9 -- Mudstone, calcareous LAT-389 -- 5.2 13.5 6.0 12.4 58.2 

Lat-391, LAT-390, and LAT-319 represent three thin clay layers within bed C-9. 

c- 8 Limestone, arpllaceoua LA'l'- 55 8.4 1. 2 2.0 1. 9 29.7 32.2 
c- 1 Sandstone and limestone, cherty ERC· 56 9.2 0.5 1.3 3.4 16.0 58.8 
c- 6 Limestone, sandy ERC- 57 21.0 0. 6 1. 1 1.1 34.3 23.3 
c- s Limestone, sandy, cherty ERC- 58 6.8 3.1 3.0 1.8 26.0 35.6 
c- 4 Sandstone, cherty DAB- 59 4.9 5.9 1. 1 3. 7 1.3 78.3 

-- Sandstone, cherty DAB-392 -- 3.7 0.9 2.8 1. 0 90.3 

DAB-392 was a grab sample of less weathered rock in bed C-4. 

c- 3 Mudstone and chert; foa. col. no. 
48·KPM·30 DAB- 60 8.7 0.6 2.5 4.2 1.3 90.7 

c- 2 Chert and undstone DAB- 61 9.6 0.8 2. 1 3.9 1.3 91 . 8 
c- 1 Chert LAT• 62 17.0 2. 2 2.4 2.9 1. 6 89.1 

B member of Phosphoria formation 

B• 6 Mudstone, sandr RLP·393 2.0 2. 2 9.5 3.3 4.1 85.0 
B-. 5 Mudstone and phosphate rock RLP• 63 1.45 14.5 7. 2 3.2 4.3 51. z 
B- 4 Mudstone RLP-395 5.9 o. 7 8.6 z. 9 3.6 90.7 
B· 3 Mudstone, calcareous RLP-394 0.7 0.8 4.2 3.9 17.2 58.9 
B• 2 Mudstone RLP• 64 7.4 0.3 2.8 2.6 1. 5 93.0 

B• 1 Mudstone LAT• 65 6.5 o. z Z.l 2.5 1. 3 89.0 

CumulaUve Thlclmeas z 
thickneu percent ~s 

(feet) cumula 

54.98 637.56 
57.38 651.96 
58.18 657.Z4 
59.38 675.24 

59.88 688. 7t 
--

2.9 9.16 
5.Z ll.lt 

-- --
12.4 tl. 18 

' 11.9 56.03 

32.9 65.03 
53.4 83.t8 -- ---- ---- --

61.8 93.56 
71.0 98.16 
92. 0 110.76 
98.8 131. 8t 

103.7 160.75 

-- --

Ill. 4 165.97 
122.0 173.65 
139.0 211.05 

2.0 4.to 
3.45 U.tz 
9.35 29.56 

10. OS SO.lZ 
17.45 32.3t 

23.95 33.6t 

Uranium etmtent 
(percent) 

eu CDem. U 

.005 .006 

.005 .OM 

.003 • 001 

.005 .OM 

.011 .010 

.005 .003 

.001 .ooz 

.001 .001 

.OOJ .003 
' .001 .ooz 
.0005 • DOl 
.0005 .001 
.ooz • 001 
.001 .ooz 
.001 • 001 

.001 • 001 

.0005 • 001 

.0015 .003 

.Oil • 001 

.ooz .ooz 

.001 .ooz 

.006 • 001 

.0005 .001 

.ooz .001 

.ooz .ooz 

.005 .oo.t 

.001 • ooz 

.0005 .001 

.0005 • 001 

.001 • 001 

Thiclmltss z 
perceat chem. U 

cumalaUw 

• 185 
.194 
• 195 
.zoo 

.Z05 

.009 

.013 

--
.015 
.ot6 

• 061 
• 081 
------

.090 

.099 
• 162 
. 169 
.179 

--

• 187 
.197 
.214 
---

.004 

.010 

.ozz 

.023 

.030 

.037 

w 
<.D 



lludatoae. calcareoua I LAT- 396 I (0. Z) I 0. 4 I 16.3 

LAT-396 represent. a 0. Z foot la,..r containiq quartz crystals in bed B-1. 

A• Z 'Mudstone. calcareous 
A• 1 Limestone, arpllaceoua; fos. col. nos. 

48·KP:M-Z7 and 48-KPM-ZS 

A member ol Phosphoria formation 

Quadrant formation 

6.7 

17. z 
Z.Ol 

5. 16 

Cq·ll Sandatone [J.)AB· .68 I .. I 0. 1 I z. s I z. 0 I 1. 8 I 98.5 I -- I -- I . 0005 I . 001 j 

.007 

.017 

·~ 



SPECTROORAPHIC ANALYSES-SHEEP CREEK, MONTANA. LOT NO. 1Z34. 

Semi-quantitative analyses of samples of the Phosphoria formation, Sheep Creek, Montana {see immediately preceding pages for location of 
section, thickness and description of strata, and chemical analyses of samples), made by U.S. Bureau of Mines Laboratory, Albany, Oregon. In 
addition to the elements listed in the table below, Sb, As, Ba, Be, Bi, Cd, Ga, Ge, Au, In, Li, Hg.. pt, Ta, Sn, and W were looked for in all samples 
but were not detected. 

Bed Sample rio. Al B Ca no. 

'll"d-1 DAB- 80 c F A 

E-ll DAB- 79 c F c 
E-10 LAT- 78 c E c 
E- 9 LAT- 77 c E c 
E- 8 LAT- 76 D E c 
E- 7 ERC- 75 c F c 
E- 6 ERC- 74 c F c 
E- 5 ERC - 73 c F c 
E- 4 DAB- 7Z c F c 
E- 3 DAB- 71 c F c 
E - Z DAB- 70 c F c 
E- 1 DAB- 69 c F A 

D-48 VEM- 1 -- -- --
D-47 VEM- z -- -- --
D-46 VEM- 3 -- -- --
D-45 VEM- 4 -- -- --
D-44 JES - 5 c F D 

D-43 JES - 6 c F D 
D-4Z JES- 7 c F A 
D-41 JES- 8 c F B 
D-40 OAP- 9 c F A -- OAP-385 B F A 

D-39 OAP- 10 B E c 
D-38 OAP- 11 c F A 
D-37 OAP- lZ c F c 
D- 36 OAP- 13 B F A 
D-35 LAT- 14 c F A 

Explanation of symbols 

A = more than 10 percent 
B = 5-10 percent 
C = 1 -~ percent 
D = 0. 1-1 percent 

Cr Co Cb Cu Fe 

ND ND ND G c 
ND ND ND G c 
F ND ND G B 
F ND ND G B 
F ND ND G B 
E ND ND G c 
E ND ND G c 
E ND ND G c 
E ND ND G c 
E ND ND G c 
E ND ND G c 
E ND ND G c 
-- -- -- -- ---- -- --· -- ------ -- -- --
-- -- -- -- --
D ND ND G c 
D ND ND G c 
D ND ND G c 
D ND ND G c 
E ND ND G c 
E ND NO G c 
E ND .ND G B 
E ND ND G c 
E ND ND G c 
p ND ND G c 
D ND ND G c 

E = 0. 01-0. 1 percent 
F = o. 001-0.01 percent 
G = less than 0. 001 percent 

ND = not detected 

Pb Mg Mn Mo Ni 

ND c E F F 

ND D E F F 
ND D E F F 
ND D E F F 
ND D E F F 
ND D E F E 

ND D E F E 
ND D E F E 
ND D E F F 
ND D E F F 
ND D E F F 

ND D E F F 

-- -- -- -- ---- -- -- -- ---- -- -- -- --
-- -- -- -- --

ND D E E E 

ND D E E E 
ND D E E E 
ND D E E E 
ND D F E E 
ND D F E E 

ND c E E E 
ND D F E E 
ND D F E E 
ND D F E E 
ND D E E E 

' 

Si AI Na Sr Ti v Zn Zr 

A ND E ND E E E F 

A ND E ND E E E E 
A ND E F E E ND E 
A ND E F E E ND F 
A ND F F E E ND F 
A ND F ND E E E F 

A ND E ND E E E F 
A ND F ND E E E F 
A ND E ND E E E F 
A ND E ND E E E F 
A ND E ND E E E F 

A ND E ND E E E F 

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- ---- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
A F E ND E D E E 

A F E ND D D E E 
A F E ND E D E E 
A F E ND D D E E 
A G E E D E E E 
A G E E D E E E 

A G E F D E E E 
A G E F D E E E 
A G E F D E E E 
A F E E D E E E 
A F E ND E D E E 

-r=­._ 



LAT-386 c F A E ND ND G c ND D F F F A F E F E E E E 
D-34 FSH- 15 c F A D ND ND G c ND D E E E A G E ND E D E E 
D-33 FSH- 16 c F A D ND ND G c ND D E E E A G E ND E D E E 
D-32 FSH- 17 c F c D ND ND G c ND D E E E A F E ND D D E E 
D-31 FSH- 18 c F A D ND ND G c ND D E E E A F E ND E D E E 

D-30 FSH- 19 c F c D ND ND G c ND D E E E A F E ND D D E E 
D-29 ERC- 20 c F D E ND ND G c ND c F E E A F E ND E D E E 
D-28 LAT- 21 c F D D ND ND G c ND D E E E A F E ND D D E E 
D-27 LAT- 22 c E D D ND E G B ND D E E E A F E F D D E E 
D-26 LAT- 23 B E D D ND E G B ND D F E E A F E F D D E E 

D-25 LAT- 24 c E E D ND E G B ND D E E E A F E I F D D E E 
D-24 ERC- 25 c F D E ND ND G c ND D F E E A G E ND E D E E 

ERC-387 c F D D ND ND G c ND c E E E A G F ND D D E E 
D-23 ERC- 26 c F D E ND ND G c ND D F E E A G E ND E D E E 
D-ZZ ERC- 27 c F D E ND ND G c ND D F E E A G E ND E D E E 

D-21 ERC- 28 c F c E ND ND G c ND D F E E A G E ND E D E E 
D-20 LAT- 29 c F A D ND E G c ND D F E E A F D E E D E E 
D-19 LAT- 30 c F A E ND E G c ND D F E E B F D E E D E E r-
D-18 LAT- 31 c F A D ND E G c ND D F E E A F D E E D E E ;') 
D-17 DAB- 32 c F A E ND ND G c ND D E E E A G E ND E D E F 

D-16 DAB- 33 c F A E ND ND G c ND D E E E A G E ND E D E E 
D-15 DAB- 34 c F A E ND ND G c ND D E E E A G E ND E E .E E 
D-14 ERC- 35 c F A E ND ND G c ND D F E E A G E ND E D E E 
D-13 ERC- 36 c F A E ND ND G c ND D F E E A G , E ND E D E E 
D-12 ERC- 37 c F A E ND ND G c ND D F E E A G E ND E D E E 

D-11 DAB- 38 c F A E ND ND G c ND D E F E A G E ND E E ND F 
D-10 DAB ... 39 c F A E ND ND ·a c ND D E E E A G E ND E E E E 
D- 9 DAB- 40 c F c E ND ND G c ND D E E F A G E ND E E E E 
D- 8 DAB- 41 c F A D ND ND G c E D E E E A G E ND E D E E 
D- 7 DAB- 42 c F A D ND ND G c E D E E E A F E ND E D E E 

D• 6 DAB- 43 c F A E ND ND G c ND D E E F A F E ND B E ll F 
n .. s ERC- 44 c F A E ND ND G c ND D F E E A G E ND E D E E 
D- 4 ERC- 45 c F c D ND ND G c ND D F E E A G F ND D D E ·E 
D- 3 ERC- 4:6 c F c D ND ND G c ND D F E E A G F ND D D E E 
D- Z DAB- 47 c F A E ND ND G c E D E E E A F E ND E D E F 

D- 1 DAB- 48 c F A E ND ND G c ND D E F F A G E ND E E E F 

C-14 DAB- 49 c F A E ND ND G c ND D E F F A G E ND E E E F 
C-13 ERC- 50 c F B E ND ND G c ND c D F D A ND F ND E E E F -- ERC-388 c F c E E ND G c ND D c E D A G E ND E D D E 
C-12 ERC- 51 c F c E ND ND G c ND E E F E A ND F ND E E E F 
C-11 ERC- 52 c F c E ND ND G c ND E E F E A ND F ND E E E F 

C-10 LAT- 53 c F D F ND ND G B ND E E F E A G E F E E E E 
c- 9 LAT- 54 c F D F ND ND G B ND D E F E A G E F E E E E 

LAT-391 B F c E F E G B ND c E F D A G E F D E D E 



Bed Sample no. A1 B Ca Cr Co Cb Cu Fe no. 

-- LAT-390 B F c E F E G A -- LAT-389 B F c E E E G A 
c- a LAT- 55 c F A F ND ND G c 
c- 1 ERC- 56 c F B E ND ND G c 
c- 6 ERC- 57 c F A E ND ND G c 
c- s ERC- 58 c F A E ND ND G c 
c- " DAB- 59 c F B E ND ND G c -- DAB-39Z c F c ND ND ND G c 
c- 3 DAB- 60 c F c E ND ND G c 
c- z DAB- 61 c F c E ND ND G c 

c- 1 LAT- 6Z c F c F ND ND G B 

B- 6 RLP-393 B F c E F E G B 
B- 5 RLP- 63 c F A E ND ND G c 
B- -i RLP-395 c F D F F ND G B 
B- 3 RLP-39-4 c F c E F ND G B 
B- Z RLP- 6-i c F D F ND ND G B 

B- 1 LAT- 65 B E D F F ND G B -·· LAT-396 B F c F F E G A 

A- Z DAB- 66 c F A E ND ND G c 
A- 1 DAB- 67 c F A E ND ND G c 

Cq-1 DAB- 68 c F c E ND ND G c 

Pb Mg Mn Mo Ni Si 

ND c D F D A 
ND c D F E A 
ND A E F E A 
ND c E F E A 
ND B E F E A 

ND B E F E A 
ND D E F F A 
ND D E F E A 
ND D E F F A 
ND D E F F A 

E E E F E A 

E D F F E A 
D D E F E A 

ND D E F E A 
ND c .D F E A 
ND D E F E A 

ND D E F E A 
ND c D F E A 

ND c E F F A 
ND c E F F A 

ND D E F F A 

Aa Na Sr 

G E F 
G E F 
G E F 

ND F ND 
ND F ND 

ND F ND 
G E ND 

ND E ND 
G E ND 
G E ND 

G E F 

F E F 
F D F 
G F F 
G E F 
G E F 

G E F 
G E F 

ND E ND 
ND E ND 

ND E ND 

Ti v 

D E 
D E 
E E 
E E 
E E 

E E 
E E 
E E 
E E 
E E 

E E 

D E 
E E 
E E 
E E 
E E 

D E 
E E 

E E 
E E 

E E 

Zn 

D 
E 
E 
E 
E 

E 
E 
E 
E 
E 

E 

E 
E 
E 
E 
D 

m 
D 

E 
E 

E 

Zr 

E 
E 
E 
F 
F 

F 
F 
F 
F 
F 

E 

E 
E 
E 
E 
E 

E 
E 

F 
F 

F 

-&::'" 
C·) 



OIL SHALE ANALYSES-SHEEP CREEK, MONTANA. LOT NO. 1234. 

Oil shale analyses of samples of the D member of the Phosphoria formation, Sheep Creek, Montana (see immediately 
preceding ps.ges for location of section, thickness and description of strata, and chemical analyses of samples), made by 
U.S. Bw-eau of Mines Petroleum and Oil-Shale Experiment Station, Laramie, Wyoming, by the modified Fischer-Retort 
method. None of the samples showed a tendency to coke. 

Properties of 
Yield of products spent shale 

Bed Sample no. Specific gravity Percent of 
no. of oil at 6o•f6o•F. original shale 

Wei~rht (percent) Gallons per ton Loss on Ash Oil Water Spent shale Gas+loss Oil Water ignition 

D-48 VEM- 1 -- 3. 8 95. 1 / 1.1 -- 9. 1 -- 3 •. 6 91.5 
D-47 VEM- z -- 4.Z 94.0 1.8 -- 10.1 -- 4.3 89.7 
D-46 VEM- 3 -- 4.6 93.2 Z.2 -- 11.0 -- 4.2 89.0 
D•45 VEM- 4 -- 4.0 94.4 1. 6 -- 9.6 -- 4.9 89.5 
D-44 JES- 5 -- 6.5 91.3 z.z -- 15.6 -- 5.3 86.0 

D-43 JESoo 6 -- 4.8 93.3 1.9 -- 11.5 -- 5. 5 87.8 
D-4Z JES- 7 -- 5.4 9Z. 9 1. 7 --1 1Z.9 -- s.o 87.9 
D-41 JES- 8 0.5 5. 8 91.6 Z.l 1. 3 13.9 -- 6.8 84.8 
D-40 OAP- 9 -- 3.5 95.7 0.8 -- 8.4 -- 3. 5 92.2 -- OAP-385 -- 3.Z 95.7 1. 1 -- 7. 7 -- 3.5 92.2 

D-39 OAP- 10 1. 0 6.4 90. 1 z. 5 1 15.3 7.3 82.8 2. 61 --
D-38 OAP· 11 0.7 5. 0 91. 7 Z.6 1. 8 lZ.O -- 6.4 85.3 
D-37 OAP .. lZ ..... 6. z 91.9 1. 9 -- 14.9 -- 6.2 85.7 
D-36 OAP- 13 -- 5. z 9Z.5 Z.3 -·- lZ. 5 -- 6.3 86.2 
D-35 LAT .. 14 -- 3. 1 96.1 0.8 -- 7.4 -- 4.8 91.3 

-- LAT-386 0.4 3.4 94.8 1.4 0.9 1 8.1 -- 4.7 90.1 
!)-34 FSH·· 15 -- 3.8 94.1 Z.1 -- 9.1 -- 4.3 89.8 
D-33 I'SH- 16 -- 4.5 93.9 1.6 -- 10.8 -- 4.1 89.8 
D-32 FSH- 17 -- 5. 5 9Z.1 2.4 -- 13.2 -- 6.4 as. 1 
D-31 FSH- 18 -- 3.4 95. 1 1. 5 -- 8.1 -- 4. 2 90.9 

D-30 FSH- 19 -- 7. 5 89.4 3. 1 -- 18.0 -- 7.9 81.5 
D-Z9 FSH- 20 Z.9 5.6 88.9 z.6 7.0 13.4 0.986 9.9 79.0 
D-Z8 ERC- 21 -- 7. 0 89.6 3.4 -- 16.8 -- 7.8 81.8 
D-27 LAT- 22 8.Z 5.Z 8Z. 7 3.9 zo.o lZ. 5 o. 989 12.5 70.2 
D-26 LAT• Z3 7. 8 6. 0 8Z.9 3.3 18.8 14.4 0.990 14.8 68.1 

D-25 LAT- Z4 5. 3 4.4 87.8 z.s 12.81 10.5 0 •. 990 10.1 77.7 
D-24 ERC- 25 1.9 7. 7 87,3 3. 1 4.71 18.6 -- 10.4 76.9 -- ERC-387 z . 6 6.5 85.7 5. z 6. 6 15.6 -- 10.7 75.0 
n-;u ERC• Z6 9.7 4.3 8Z. 7 3.3 Z3.6 10.3 0.989 14.2 68.5 
D-Z2 ERC- 27 3.2 7. z 85.8 3.8 7. 8 1 '1. 3 0.990 11.9 73.9 

1· Estimated 

""<' 
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Yield of products 
Bed 9am.ple no. no. 

VVeiaht (percent) 
Oil Water Spent shale Gas+ loss 

D-Zl ERC- Z8 7.8 5~ 6 81.3 5,3 
D-ZO LAT"'" Z9 -- 7.5 91. 1 1,4 
D-19 LAT .. 30 -- 4.Z 94.4 1.4 
n .. u LAT• 31 1.9 5.3 89.8 3.0 
D-17 DAB- 3Z 3.2 5. 0 89.0 2.8 

D-16 DAB .. 33 3.3 5. 0 88.8 2.9 
t.J-15 DAB- 34 3.7 4.8 88.8 2.7 
D-14 ERC• 35 4.3 s. 6 87.0 3. 1 
D-13 ERC- 36 3. 7 5.2 87.7 3.4 
D-IZ ERC• 37 5. 5 5. 0 86.6 Z .. 9 

1) .. 11 DAB- 38 -- 3,0 96.7 . 0.3 
:D-10 DAB- 39 2.5 5.4 89.9 2.2 
D· 9 DAB- 40 o.a s. 7 92,6 0.9 
D- 8 DAB- 41 -- 4.8 94.8 0.4 
D• 7 DAB- 42 -- 8.5 91. 1 0.4 

D ... 6 ·. DAB- 43 -- 5. 5 93. 1 1.4 
D- 5 ERC- 44 -- 7. 5 89.7 2.8 
D .. 4 ERC- 45 -- 8.0 88,8 3.2 
D· 3 ERC• 46 -- s. 5 94.2 0.3 n..: ~ DAB- 47 -- 3.2 96.5 0.3 

D• l DAB,.. 48 -- 1. 5 98.5 o.o 
1 Estimated 

Gallons per ton 
Oil Water 

18.9 13.4 
-- 18.0 

i.-8 1 10.Z 
1Z.7 

7.6 ~2.0 

8.41 12.0 
8.9 11.5 

10.4 13.4 
8.9 12.5 

13.4 12.0 

-- 1 7. z 
6. 41 12.9 
1. 9 13.7 -- 11.4 -- 20.4 

-- 13.2 -- 18.0 
-- 19.2 -- 13.2 -- 1. 7 

-·- 3.6 

Specific gravity 
of oil at 60°/60° F. 

0.991 ------
1. ooz 

_ .. 
0.99-i 
0.990 
0.986 
0.990 

---------
--------.... 
..... 

Properties of 
spent shale 
Percent of 

~~shale 
Loss on Aah 
ignition 

13.0 68.3 
6.1 85.0 
6,.0 88.4 
8.0 81.8 
7.8 81.2 

9.2 79.6 
9.0 79.8 
9.4 77.6 
9.8 77.9 
9,0 77.6 

3,4 93.3 
8. 0 81,9 
3.4 89,Z 
6.4 88 .. 4 
1.1. 83.9 

s. 1 88.0 
8.0 81.7 
7 •. 6 81. z 
3.8 90.4 
1.Z 94.3 

1.6 96.9 

+ 
U1 



CEDAR CREEK, MONTANA. LOT NO. 1256. 

D member ol Phosphoria formation sampled in bulldozer trench near Cedar Creek, sec. 26, T. 9 s .• R. 11 W., Beaverhead County, Samples aaal1sed for eU and 
Montana, on eastern limb of a syncline. Beds strike north and dip 61• W. Section measured by E. T. Ruppel and sampled by ·J. A. Kelleher cMm. U b7 the U.S. Geological 
in AuJUSt 1948. Samples analyzed by U.S. Bureau of Mines Laboratory, Albany, Oregon. Suney Laborator7, Geochemistry 

and Petrol017 Braach. 

Bed Sample Thickness 
Che~~ an~)lyses Cumulative Thickness x Urarum content 

Rock description rcent 
Thickness x 

no. no. (feet) I Acid 
thickness percent ~f [perceui) percent eU 

P205 insoluble (feet) (cumula eu ICbem. U (cumulative) 
__J 

E member of Phosphoria formation--basal bed only 

E- ~I Chert - - r- UETR-585- I 5. 0 I 2. 3 I 18.5T s. 0 I 11. so • I . 0005 I -- I . 003 

D member of Phosphoria formation--base not exposed 

D-4l Mudstone ETR-584 11.5 1.0 74.0 11.5 11.50 ,001 -- . 011 
D-41 Mudstone ETR-583 10.0 1, 1 H2.3 21.5 22.50 • 001 -- . 021 
D-41 Phosphate rock, cherty, calcareous ETR-58Z 0.8 15.4 34.Z 22.3 34.82 .007 • 005 . OZ7 
D-40 Limestone, phosphatic, argillaceous ETR-581 0.3 11.4 ZZ.7 ZZ.6 38.24 .oos • 005 .029 
D-39 Mudstone ETR-580 1. 5 4.6 62.6 Z4.1 45.1-l .004 -~ .035 

D-38 Mudstone, calcareous, phosphatic ETR-579 0.3 9.Z 4Z.Z 24.4 -&7.90 .oos • 004 .036 
D-31 Mudstone ETR-578 3.0 z.o 77.6 Z7. 4 53.90 .004 -- .048 
D-36 Mudstone and calcareous phosphate rock ETR-577 1.0 9.6 51.0 Z8.4 63.50 .006 ,004 ,054 
D-35 Mudstone, calcareous and phosphate rock ETR-576 0.7 6.3 42.8 29. 1 67.91 .004 -- . 057 
D-34 Limestone ETR-575 l.Z 1.8 48.3 30,3 70.07 • 001 -· . 058 

D-33 Mudstone, calcareous ETR-574 l.Z 7.6 1Z. 7 31.5 79.19 .005 • 003 ,064 
D-3Z Phosphate rock, calcareous ETR-573 1.0 17.4 19.6 3Z.5 96.59 .005 .004 • 069 
D-31 Phosphate rock, calcareous ETR-57Z 0,8 Zl,O Z.6 33.3 113.39 .004 -- • 072 
D-30 Mudstone ETR-571 0.9 1.4 n.o 34,Z 114.65 • 003 -- • 075 
D-Z9 Phosphate rock, arpllaceous ETR-570 o. 15 18.9 33.5 34.35 117.49 .004 -- . 076 

D-Z8 Phosphate rock; fos. col. no. 48-KPM-48 1 ETR-569 o. 7? 3Z.6 Z5. 0 35.05 140.31 .006 .006 . 080 
D·Z7 Phosphate rock, argillaceous ETR-56!! 0.3 Z3.5 Z6.8 35.35 147.36 .006 .004 ,082 
D-2:6 Mudstone ETR-567 0.7 5.7 64.7 36.05 151. 35 .004 -- ,084 
o-zs Phosphate rock, argillaceous ETR-566 o. 1 Z0.9 33.0 36. 15 153.44 .006 • 005 ,085 
D-2:4 Pllosphate rock, argillaceous ETR-565 0,3 17.5 35.8 36.45 158.69 .oos . 005 . 087 

D-Z3 Phosphate rock, argillaceous ETR-564 0.4 zz. 1 Z4.3 36.85 167.53 .007 . 006 . 089 
D-22 Limestone, argillaceous ETR-563 o. s 3.5 39.1 37.35 169.28 .003 -- • 091 
D-21 Mudstone, calcareous, phosphatic ETR-56Z 0.5 9.8 41.4 37.85 174. 18 .004 -- . 093 
D-ZO Mudstone, phosphatic ETR-561 0,4 8.9 58.3 38.25 177.74 .004 -- .09-4 
D-l9 Phosphate rock and calcareous mudstone; 

fos. col. no. 48-KPM-47 ETR-560 0.5 Z4.8 Z0.3 38. 75 190.14 .006 .005 . 097 

D-18 Phosphate rock, arpllaceous ETR-559 0.6 ZZ.8 Z7.0 39.35 Z03,82 . 007 .006 . 102 

1 Fossil collection made by K. P. McLaughlin, Paleontology and Stratigraphy Branch, U. S. Geological Survey. 
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Bed 
no. 

D-17 

D-16 
D-15 
D-14 

D-13 

D-U 
D-11 
D-10 
D- 9 
D- 8 

D- 7 
D- 6 
D- 5 
D- 4 
D- 3 

D- 1 
D- 1 

Chemical an~)lyses Cumulative 
Rock description Sample Thickness (percent thickness 

no. (feet) Acid 
P205 insoluble (feet) 

Phoaphate rock, argillaceous, and 
calaareaua mudstone ETR-558 0.9 Z0.3 26.6 40.25 

Mudstone, phosphatic ETR-557 O,Z5 10.1 55,0 40.50 
Mudstone, calcareous ETR-556 0.9 2.9 58.9 41.40 
Phosphate rock, calcareous; fos. col. 

no. 48-KPM-46 ETR -555 0.3 25.1 17.6 41.70 
Mudstone, phosphatic ETR-554 0.3 9.9 56. 1 42.00 

Mudstone, phosphatic ETR-553 0.6 12.4 52. 1 42.60 
Phosphate rock and limestone ETR-552 0.9 16.8 3.8 43.50 
Phosphate rock, calcareous ETR-551 0.4 20.8 17. 7 43.90 
Mudstone, phosphatic ETR-550 0,25 14.1 46.5 44. 15 
Phosphate rock, argillaceous ETR-549 0.33 19.7 30.2 44.48 

Phosphate rock, argillaceous E.TR-548 0.2 21.5 30. f. 44.68 
Mudstone, calcareous ETR-547 0,6 6.6 49.8 45. Z8 
Mudstone ETR-546 0.5 1. 7 79.4 45,78 
lludatoDG, caloaruous ETR-545 0,6 6.7 6Z.O 46.38 
Phosphate rock and mudstone ETR-544 1. 1 16.5 40.3 47.48 

Mudstone, phosphatic ETR-543 0,35 s.z 51.1 47.83 
Phosphate rock, sandy; fos. col. 

no. 48-KPM-44 ETR-542 3.0 l6.~ Z8,6 50,83 

Stratigraphic interval of 286 feet between D-1 and approximate base of C member, includes few exposures of chert 
and limestone or dolomite . 

Stratigraphic interval of 123 feet between approximate base of C member and approximate top of Quadrant 
formation, strata concealed. 

Thickness x U~umc~t.t 
percent ~or (percent 
(cumula e eU IChem. u 

222.09 .005 .004 
ZZ4.61 .004 --
Z27.ZZ . ooz --
234.75 .006 .005 
237.72 .005 .003 

245.16 .005 .003 
260.28 .OOE> .004 
268.60 • 005 • 005 
272. 12 .006 .004 
Z78.6Z .005 .004 

282.92 .006 • 004 
286.88 .003 --
287.73 • 003 --
291.75 .005 .003 
309.90 .005 • 004 

212.77 ,002 --
Z91.67 .007 .006 

Thiclmes. x 
percent eU 

(cumulative) 

.106 
,107 
.109 

.111 

.112 

• 115 
• 121 
• 123 
• 124 
.126 

• 127 
.129 
.130 
• 133 
. 139 

. 140 

. 061 
.&=­
·--.J 



SAWTOOTH PEAK, MONT ANA. LOT NO. 1Z41 . 

C and E members and part of A member of Phosphoria formation measured in natural exposures, and B and D members sampled 
from hand trenches on Sawtooth Peak, NEiSW} sec. 10, T. 12 S., R. 5 W., Beaverhead County, Montana, on overturned east limb ol 
Snowcreat anticline. Beds at top of section strike N. s• W. and dip 75• W. Beds at base of section strike N. 40• E. and dip 64• SE. 
Section measured by F. S. Honkala and 0. A. Payne and sampled by Payne in Augwst 1948. Samples ~yzed by U.S. Bureau of Mines 
Laboratory, Albany, Oregon. 

Bed Sample Thickness 
Chemical analyses Cumulative Thickness x 

Rock description (percent) 
no. no. (feet) thickness percent ~Of 

2 5 insoluble (feet) (cumwa w p 0 l AcTcf 

--
Dinwoody formation 

'l'd-21 Not described; fos. col. no. 48-KPM-771 

'ltd- 1 Mudstone, quartzitic I -- 5.0 I -- -- I 5.0 

E member of Phosphoria formation 

E-15 Quartzite -- 2.4 -- -- 2.4 
E-14 Sandstone -- 4.3 -- -- 6.7 
E-13 Quartzite -- 5.0 -- -- 11.7 
E-lZ Quartzite -- 5.0 -- -- 16.7 
E-ll Sandstone -- 2.6 -- -- 19.5 

E-10 Sandstone -- 5.0 -- -- 24.5 
E- 9 Sandstone -- 5.0 -- -- 29.5 
E- 8 Quartzite -- 3.4 -- -- 32.9 

I 
--

E- 7 Quartzite -- 5.0 -- -- 37.9 --E- 6 Quartzite -- 5.0 -- -- 42.9 --
E- 5 Sandstone, quartzitic -- 5.0 -- -- 47.9 
E- 4 Quartzite -- 3.8 -- -- 51.7 
E- 3 Sandstone, quartzitic -- 5.0 -- -- 57.7 
E- 2 Sandstone, quartziUc -- 5.0 -- -- 61.7 
E- 1 Conglomerate and quartzite -- 5.0 .. -- 66.7 

D member of Phosphoria formation 

D-14 Phosphate rock and quartzite FSH-438 3.5 7.4 77.7 3.5 25.90 
D-13 Phosphate rock and mudstone FSH-437 2.8 14.7 51.7 6.3 67.06 
D-12 Mudstone FSH-U6 4.6 4.7 63. 1 10.9 88.68 
D·ll Phosphate rock and mudstone FSH-435 2.5 20.9 27.5 13.4 140.93 
D-10 Mudstone, phosphatic, calcareous FSH-434 5.0 7.9 50. 1 18.4 180.43 

D- 9 Mudatone and phosphate rock, argillaceous, 
calcareous FSH-433 5.0 16.3 33.8 23.4 261.93 

1 Fossil collection made by K. P. McLaughlin, Paleontology and Stratigraphy Branch, U. S. Geological Survey, from bed 
16.3 feet above base of formation. 

I 

Samples ualped far eU and 
cbem. U b7 the U. S. Geological 
Surwt7 Laborator7. Geochemist~ 
aad PetroloiJ Branch. 

u(':'ccmt.at Thickness x 
n:eat) pereeat ...... u 

eu 1 Chem. U (emmalatl~) 

--
I 

-- I ---- -- ---- -- --

.002 .001 .004 

.003 .003 . 012 

.004 .002 .OZl 

.007 .006 .036 

.005 .003 . 051 

.007 .005 .076 

;:: 
co 

1\ 



Chemical analyses 
Bed 

Rock description Sample Thickness (percent) 
no. no. (feet) 

P2o5 
Acid 

insoluble 

D- 8 Phosphate rock and mudstone FSH-432 2.3 16.9 . 3=.4 D- 7 Limestone; fos. col. no. 48-KPM-76 FSH-431 2.9 6.9 1 • 7 
D• 6 Mudstone FSH-430 3.2 0.2 85.7 
D- 5 Mudstone FSH-429 5.0 0,, 84.9 
D- 4 Mudstone FSH-4Z8 5.0 0.4 83.7 

D• 3 Mudstone FSH-427 5.0 0.3 87.3 
D- 2 Mudstone FSH-4Z6 5.0 0.4 83.3 
D• 1 Mudstone FSH•425 5.0 o.z 86.3 

C member ol Phosphoria formation 

C-60 Chert -- 2.3 
C·59 Sandstone -- 4.3 
C-58 Sandstone -- 5.0 
C·57 Sandstone -- z.o 
C-56 Sandstone FSH-424 1. 8 I 3.6 I 86.7 

C-55 Sandstone. quartziUc -- 3.3 
C-54 Quartzite -- 3.2 
C-53 Chert and mudstone -- 2. 7 
C-52 Coqlomerate, cherty -- 0.6 
C-51 Chert -- 4.0 

Cowered iaterval, noat strODfly su,psts 
limestone -- 11.0 

C-50 Limestone -- 5.0 
C-49 Limestone -- 5.0 
C-48 Limestone -- s.o 
C-47 Limestone -- 5.0 

C-46 Limestone -- Z.5 
C-4:5 Limestone -- 5.0 
C-44 Limestone -- Z.6 
C•43 Limestone; fos. col. no. 48-KPM-75 -- 5.0 
c-42 Limestone : -- s.o 
C-41 Limestone -- 5.0 
C-40 Limestone -- 5.0 
C-39 Limestone and dolomite -- 5.0 
C-38 Chert -- 1.1 
C-37 Dolomite -- 3.5 

C-36 Dolo mit. -- s.o 
C-35 Dolomite -- 5.0 

CumulaUve 
thickness 

(feet) 

25.7 
28.6 
31.8 
36.8 
41.8 

46.8 
51,8 
56.8 

1,3 
6.6 

11.6 
13.6 
15.4 

18,7 
21.9 
Z4.6 
25.2 
29.2 

40.Z 
45.2 
50.2 
55.2 
60.2 

6Z.7 
67,7 
70.3 
75.3 
80.3 

85.3 
90.3 
95.3 
96.4 
99.9 

104.9 
109.9 

Thiclmess x 
percent~, 
(cumula 

300.80 
320.81 
321.45 
322.95 
324.95 

3Z6.45 
3Z8,45 
329.45 

-I"" 

u('.,::::;teat 
eU Cbem.U 

.007 .005 
.003 .ooz 
.002 .001 
.002 .001 
.002 .001 

.002 .001 

.ooz .001 

.ooz .001 

.0005 .001 

Thickness x 
percent cbem. U 

(cumulative) 

.088 

.093 

.097 

.102 
• 107 

.112 

.117 

.lZ2 · 

;::­
'...D 



C-34 Dolomite -- 1.6 -- -- 111.5 
C-33 Limestoaea foa. col. no. 48-KPM-74 -- 4.2 -- -- 115.7 
c-u Limestoae and chert -- 5.0 -- -- 120.7 
C-31 Limestone and chert -- 5.0 -- -- U5.7 
c l 3o Limeatone and chert -- 5.0 -- -- 130.7 

C-29 Limeatoae -- 3.0 -- -- 133.7 
C-28 Limeatoae -- 5.0 -- -- 138.7 
C-Z7 Limestoae -- 5.0 -- -- 143.7 
C-26 Lime atone -- 5.0 -- -- 148;7 
C-25 Limestone -- 5.0 -- -- 153.7 

C-24 Limestone -- 5.0 -- -- 158.7 
C-Z3 Limestone, aancly -- 5.0 -- -- 163.7 
c-2z Limeatone, aancly -- 3.4 -- -- 167. 1 
C-Zl Limeatoae, dolomitic, aancly? -- 3. 7 -- -- 170.8 
c-20 Chert -- 3.5 -- -- 174.3 

C-19 SaDdatoae, calcareou -- 1.4 -- -- 175.7 
C-11 Chert, aandy. calcareoua -- 1.8 -- -- 177.5 
C-17 Chert~ aancly -- 4.4 -- -- 181.9 
C-16 Chert~ aancly -- 5.0 -- -- 186.9 
C•U Chert; sandy -- 5.0 -- -- 191.9 

C-14 Chert, aandy -- 5.0 -- -- 196.9 
C-13 Chert, aancly -- 5.0 -- -- 201.9 

I I I I CJl c-u Chert, aandy -- 5.0 -- -- 206.9 -- -- -- --
C·ll Chert, aandy -- 5.0 -- -- 211.9 -- -- -- -- C• 
C-10 Chert, sandy -- 5.0 -- -- 216.9 

c- 9 Chert -- 5.0 -- -- 221.9 
c- 8 Chert -- 4.8 -- -- 226.7 
c- 1 S&Ddatone and chert -- 4.0 -- -- 230.7 
c- 6 Chert -- 3.8 -- -- 234.5 
c- 5 Chert -- 5.0 -- -- 239.5 

c- 4 Chert -- s.o -- -- zu.s 
c- 3 Chert -- s.o -- -· 249.5 
c- 2 Chert -- 5.0 -- -- 254.5 
c- 1 Chert, arJillaceoua -- 5.0 -- -- 259.5 

B member of Phoaphoria formation 

B- 6 Mudstone and phoaphate rock FSH-423 3. 1 4.0 80.8 3.1 1Z.40 .003 .002 .006 
B- 5 Mudstone and phosphate rock FSH-4ZZ 3.6 5.2 73.6 6.7 31.12 .~04 .002 .013 
B- 4 Mudstone FSH-421 z.s 7.0 60.1 9.5 50.72 .004 .ooz • 019 
B- 3 Phoapbate rock FSH-4ZO Z.7 Z7.6 12.7 1Z.Z 125. 24 .009 .007 • 038 
B- 2 Limeatoue, phosphatic, sandy; ros. col. 

no. 48-KPM-73 FSH-419 l.Z lO.Z 24.0 13.4 U7. 48 • 003 .001 .039 

B- 1 Pboepbate rock, sandy; ros. col. no. 
48-KPM-72 FSH-418 2.8 Z3.5 30.3 16.2 203.28 .007 .016 . 056 



Bed 
no. Rock deaoriptiOD 

A·16 Cbert 
A-15 Dolomite, ar,W.eeou~ toa. col. 

no. ••-XPM-71 
A•l4 Muc:letone and aandatane, calcareoua 
A-13 Sandstone, calcareoua, arpUaceoua 
A·lZ SIUldatone, calcareous, arpUaceous 

A- 11 Sandstone, calcareous 
A- 10 Sandstone, calcareous 
A· 9 Sandstone, calcareous 
A· 8 Sandstone, calcareous 
A· 7 Sandatone, calcareous, arpllaceoua 

A· 6 Dolomite, arpllaoeoua 
A• 5 Dolomite, ar,W.cooua 
A· 4 Dolomite, 81Uldy 
.A.- 3 Doloaalte, 81Uld;y 
A· Z Dolonaite, S&Dd;y 

A• 1 Delomite, sandy 

L 

Sample 
no. Tb1olr.neae • .-----.. I (fHt) I I ...... 

A memler Of Phosphoria formatiOII:t--baae not exposed 

-- 1.8 -- --
-- 4.2 -- ---- 4.6 -- ---- 2.6 -- ---- 5.0 -- --
-- 5.0 -- ---- 5.0 -- ---- 5.0 -- ---- 5. 0 -- ---- 3. 7 -- --
-- 5.0 -- ... 
-- 5.0 -- ---- 5.0 -- --- 5.0 -- ---- 5.0 -- --
-- 5.0 -- --

C11Dlulatin 
tblolme•• 

(feet) 

1.8 

6.0 
10.6 
13.2 
11.2 

23.2 
za.e 
13.2 
38.2 
41.9 

o&6.9 
51.9 
56.9 
61.9 
66.9 

71.9 

Tbickaeu • 
percent ~.20f 
( cumula.n. 

--
--------
----------
----------
--

Tbica.ax 
I v=- 2= I perceat cbeJL U 

-WY I #4 ri (cnuauJatin) 

·- -- --
-- -- --- -- --... -- -.... -- --
-- -- ---- -- ---- -- --- -- ---- -- --
-- ... ---- .... ---- -- ... .... -- -- -- --
-- - -

~-~ 



lUDDEN PASTURE CREEK, MUDDY CREEK, AND BIG SHEEP CANYON, MONTANA. LOT Na:J. 1ZZ4, 1ZZ5, 1ZZ6 and 1ZZ7. 

Phosphoria formation sampled in band trenches and natural exposures on east limb ol Dixon Mountain syncline; D and E members, lot no. 1ZZ4, 
a~pled in NEiSWi sec. 2.6; Band C members, lot no. 1ZZ5, in SE!SW! sec. 35: and upper part ol A member, lot no. 1ZZ6, in NE!NW! sec. 35, T. 13 S., 
R. 10 W.; lower part ot A member, lot no. 1ZZ7, sampled in NW}NWt sec. 11, T. 14 S., R. 10 w .• Beaverhead County, Montana. Beds strike northwest 
and dip 30-40• SW. Section measured by W. R. Lowell and sampled by D. A. Bostwick, E. T. Ruppel, and R. L. Parker in Aupat 1947. Samples analysed 
by U.S. Bureau of Mines Laboratory, Albany, Oregon. 

Bed 
DO. 

B-11 
E-tt 
E~~z 
E-Jl 
E-lt 

E-Z9 
E-U 
E-n 
E-26 
E-li6 

E·Z4 
E·U 
E-z~ 
ll-11 
E•ZO 

E-19 
E-18 
E-17 
E-16 
E-15 

E-ll 
E-13 
E-lZ 
E-ll 
E-10 

E- t 
E- 8 
E- 7 
E- 6 
E- 5 

Rock description 

Mudstone 
Mudstone, cherty 
Mudstone, cherty 
Mudstone, cherty 
Mudstone, cherty 

Mudstone, cherty 
Mudstone, calcareous 
Mudstone, calcareous 
Quartzite 
Chert 

Chert 
Chert and mudstone 
Chert 
Chert 
Chert 

Limestone 
Chert 
Chert 
Chert 
Limestone 

Chert 
Chert 
Chert 
Chert and limestone 
Chert 

Mudstone 
Chert 
Mudstone 
Muds tOM 
Mudstone 

Dlnwoody formation--not measured 

E member of Phosphoria formation, lot no. 1ZZ4 

-- zs.o -- -- -- -- --
WRL-ZZZ-47 3.5 1.5 -- -- -- --
WRL-ZZ1-47 4.0 1.3 -- ·-- -- --
WRL-ZZ0-47 s.o 1.3 -- -- -- --
WRL-2.19-47 4.Z 1. 8 -- -- -- --
WRL-2.18-47 4.Z 1. z -- -- -- --
WRL-2.17-47 0.8 0.9 -- -- -- --
WRL-Z16·47 1.3 1. 9 -- -- -- --
WRL-2.15-47 4.6 l.Z -- -- -- --
WRL-2.14-47 s.o 0.6 -- -- -- --
WRL-2.13-47 s.o 1.0 -- -- -- --
WRL-ZlZ-47 4.7 .1. z -- -- -- --
WRL-Zll-47 s.o 1. 5 -- -- -- --
WRL-2.10-47 1.7 1 •. 4 -- -- -- --
WRL-2.09-47 4.4 z.z -- -- -- --
WRL-2.08-47 0.8 o. 5 -- -- -- --
WRL-2.07-47 4.9 1.3 -- -- -- --
WRL-2.06-47 4.5 1. 6 -- -- -- --
WRL-ZOS-47 1.9 1. 3 -- -- -- --
WRL-2.04-47 1.0 o.s -- -- -- --
WRL-2.03-47 z.z 1. 5 -- -- -- --
WRL-ZOZ-47 s.o 1.4 -- -- -- --
WRL-2.01-47 z.z 1. 5 -- -- -- --
WRL-Z00-47 z.s 0.9 -- -- -- --
WRL-199·47 z. 7 1.4 -- -- -- --
WRL-107-47 5.0 1. z -- -- -- --
WRL-106-47 5.0 1.6 -- -- -- --
WRL-105-47 5.0 1.6 -- -- -- --
WRL-104-47 s.o 1.3 -- -- -- --
WRL-103·47 s.o 1.3 -- -- -- --

-- -- zs.o ---- 78.9 Z8.5 5.ZS -- 71.7 32..5 10.45 -- 74.6 37.5 16.95 -- 74.6 41.7 2.4.51 

-- 75.5 45.9 2.9.55 -- 66.6 46.7 30.2.7 -- 75.3 48.0 32..74 -- 76.1 5Z.6 38.2.6 -- 80.9 S7.6 41.2.6 

-- 80.3 62..6 46.2.6 -- 80.3 67.3 51.90 -- 78.9 72.3 59.40 -- 85.0 74.0 61.78 -- 77.8 78.4 71.46 

-- 3.0 79.2. 71.16 -- 74.3 84.1 78.2.3 
-- 75.5 88.6 85.•U -- 85.7 90.5 87.90 -- 1.4 91.5 88.40 

-- 76.4 93.7 91.70 -- 78.7 98.7 91.70 -- 76.7 100.9 lOZ.OO -- 75.5 103.4 104.15 -- 80.4 106.1 108.03 

-- 78.4 111.1 114.0:1 -- 8.9 116. 1 lZZ. 03 -- 80.Z 1Z1.1 110. 03 -- 77.4 1Z6.1 136.53 
-- 80.3 131. 1 143.03 

Samples analysed for eU and 
c•m. U by the U. S. Geological 
Sune7 Laboratory, Geochemistry 
and Petrology Branch. 

--
.0005 
.001 
.001 
.0005 

. • 001 
.0005 
.001 
.0005 
.0005 

.0005 

.0005 

.001 

.0005 

.001 

.0005 

.ooz 

.ooz 

.0005 

.0005 

.001 

.001 

.ooz 

.0005 

.001 

.001 

.001 

.001 

.ooz 

.001 

-------· --
--------.... 
--.... 
------
----------
----------
----------

Thickness x 
percent eU 

(cumulative) 

--.ooz 
.006 
• 011 
• 013 

.017 
• 017 
.019 
. 02.1 
.02.4 

.OZ6 
• 02.8 
.033 
.034 
.039 

• 039 
.049 
.058 
• 059 
.059 

.062. 

. 067 

.071 . 

.on 
• 075 

.080 

.085 
• 090 
• 100 
.105 

( Y"l 
t".) 



Bed Sample Thickness 
Chemical analyses (percent) Cumulative Thickness x u{!.a:,tent Thickness x 

Rock description LOSS OD Acid thickness percent ~0, percent eU 
DO, no. (feet) Pz05 A1z03 Fe2o3 Vz05 F ignition insoluble (feet) (cumula e eu Cbem. U (cumulative) 

E-. Mudstone WRL-102-47 s.o 1.3 -- -- -- -- -- 79.4 136. 1 149.53 .001 -- • 110 
E- 3 Mudsto• WRL-101-47 4.Z 1.4 -- -- -- -- -- 82.6 140.3 155.41 .001 -- .114 
E- 2 Mudstone WRL-100-47 s.o 1.3 -- -- -- -- -- 81. 1 145.3 161.91 .001 -- . 119 
E- 1 Mudstone WRL- 99-47 3.3 3. 5 -- -- -- -- -- 66,1 148.6 173.46 .003 -- • 129 

D member of Phosphoria formation, lot no. 1224 

D-51 Mudstone WRL- 98-47 5.0 5. 8 -- -- -- 0.47 -- 50.3 5. 0 19.00 .003 -- . 015 
D-50 Mudstone WRL- 97-47 5,0 5. 6 -- -- -- -- -- 50.5 10.0 57.00 .003 -- .030 
D-4t Mudstone WRL- 96-47 5.0 7. 8 -- -- -- -- -- 46.3 15.0 96.00 .• 003 -- .045 
D-4t Limestone, arl(illaceous WRL- 95-47 1.3 6. 8 -- -- -- -- -- 40.8 16.3 104.8' ,00, • 001 .050 
D-47 Limestone WRL- 94-47 4.1 1. 8 -- -- -- -- -- 19.2 20.4 112. zz .eoos .ooo .052 

D-46 Limestone, arl(illaceous WRL- 93-47 5.0 5. 7 -- -- -- -- -- 36.7 25.4 140. 7Z .004 .ooz .on 
D-45 Limestone, arJillaceou!ll WRL- 92-47 1. 2 6. 8 -- -- -- -- -- 38.1 26 . . 6 148.88 .005 • 001 .078 
D-44 Phosphate rock WRL- 91-47 2.5 26.8 -- -- -- 2.72 -- 12.3 29. 1 215.88 ,006 .003 .093 
D-43 Mudsta.a. calcareous and 

phosphate rock WRL- 90-47 0.7 8. 8 -- -- -- -- -- 49.4 29.8 222.04 .003 ,001 . 095 
D-42 Phosphate rock, calcareous WRL- 89-47 1. 5 22.5 -- -- -- -- -- 41.7 31.3 255.79 .005 • 003 .103 

D-41 Mudstone WRL- 88-47 3.0 6.9 --· -- -- -- -- 56.9 34.3 276.49 .oos • 001 . liZ 
D-40 Phosphate rock, calcareous, 

argillaceous WRL- 87-47 z. 3 16. 7 -- -- -- -- -- 23.7 36.6 314.90 .004 .ooz .1Z1 
0·39 ~hosphate rock and arlillaceous ( .rl 

limestone WRL- 86-47 1.1 21. 7 -- -- -- -- -- 13.5 37.7 338.77 ·"' ,002 • 125 
D-38 Limestone, phosphatic, w 

arlf11laceous WRL- 85-47 0.6 12.9 -- -- -- -- -- 32.3 38.3 346.51 ,003 • 001 • 127 
D-37 Dolomite, arl(illaceous WRL- 84-47 0.7 5.4 -- -- -- -- -- 34.1 39.0 350.29 .ooz ,000 • 129 

D-36 Phosphate rock, arJillaceous, 
calcareous WRL- 83-47 1.7 13.8 -- -- -- -- -- 33.2 40.7 373.75 ,005 ,002 . 137 

D-35 Limestone, ar&illaceous WRL- 82-47 0.5 s. 1 -- -- -- 0.47 -- 39.9 41. z 376.30 .002 .ooo .138 
D-34 Phosphate rock, ar&illaceous 

and limestone WRL- 81-47 Z.9 14.9 -- -- -- 1.55 -- 33.7 44. 1 419.51 .00. ,001 • 150 
D-33 Limestone, argillaceous WRL- 80-47 2.9 4.9 -- -- -- -- -- Z6.3 47.0 433.72 .001 .ooo • 153 
D-3Z Mudsta.., calcareous, 

phosphatic WRL- 79-47 1. 3 8. 5 -- -- -- -- -- 41.9 48.3 444.77 .OOJ ,000 • 157 

D-31 Limestone and phosphate rock WRL- 78-47 1.8 5. 3 -- -- -- 0.75 -- 15.2 50. 1 454.31 .001 .ooo • 158 
D-30 Mudstone, calcareous, 

phosphatic WRL- 77-47 l.Z 9. 1 -- -- -- -- -- 46.0 51.3 465.23 .OOJ • 001 • 16Z 
D-29 Limestone WRL- 76-47 1.6 6.6 -- -- -- -- -- 18.3 52.9 475.79 .002 .ooo • 165 
D-28 Mudstone, calcareous, 

phosphatic WRL- 75-47 0.6 10.0 -- -- -- -- -- 42.6 53.5 481.79 .ooz • 001 . 166 
D-Z7 Limestone WRL- 74-47 0.7 3.8 -- -- -- -- -- 15.2 54.2 Ut.45 .001 ,000 .167 

D•26 Mudstone, calcareous, 
phosphatic WRL- 73-47 1.4 9. 2 1 -- I -- I -- I -- I -- I 46.1 I 55.6 I 497.33 I .oos I • 001 I .171 

D-25 Limestone, arJillaceous WRL- 7Z-47 1.2 4.0 -- -- -- -- -- 22.6 56.8 502.13 .ooz .ooo • 174 



D•24 Mudstoae, calcareous 
D-23 Phosphate rock, arpllaceoua, 

calcareous 
D-22 Mudatoae, phoaphatic, ealcareoua 
D·Zl lludatoae, calcareoua 
D-20 Mudatoae, phosphatic, calcareoua 

D•l9 lludatone 
D-18 Mudatone ud phosphate rock 
D-17 Phoaphate rock, arlillaceoua, 

calcareoua 
D·1"6 Mudatoae 
b-15 lludatoae, phoaphatic 

D-14 Mudatoae, phoaphatic 
D-13 Phosphate rock 
D•lZ Mudatone, calcareous 
D-11 Phosphate rock, arllllaceoua, 

calcareous 
D-10 Mudstone 

D• 9 Mudstone, calcareous, phosphatic 
D- a Phosphate rock, argillaceous, 

calcareous 
D- 7 Phosphate rock, calcareous, 

argillaceous 
D- 6 Limestona 
Q- 5 Phosphate rock, argillaceous, 

calcareous 

D- 4 Phosphate rock, argillaceoua, 
calcareous 

D· 3 Mudstone, phosphatic, calcareous 
D· 2 Limestone 
D- 1 Mudstone, calcareoua, phosphatic 

c- 1 I Sandstoae, phosphatic 

WRL-n-n, lot no. 1224, 

C•361 Limestone, sandy 
C-35 Sandstone, calcareous 
C- 34 Chert, calcareous 
C •.U Chert, calcareous 

WRL- 71~47 0.6 7. 1 -- -- -- -- --
WRL· 70·47 1.5 18.0 -- -- -- -- --
WRL· 69·47 0.7 12.2 -- -- -~ -- --
WRL- 68·47 1.7 3.3 -- -- -- . -- --
WRL· 67·47 0.3 12.7 -- -- -- -- --
WRL· 66-47 0.8 3.4 -- -- -- -- --WRL- 65-47 1.3 5. 2 -- -- -- -- --
WRL• 64·47 0.5 15.3 -- -- -- 1. 29 --
WRL- 63--&7 2. 5 2.3 -- -- -- -- --
WRL· 62·47 0.5 1-&.5 -- -- -- -- --
WRL- 61-47 0.9 8.1 -- -- -- -- --
WRL- 60-47 0.9 24.0 -- -- -- 2.7-& --
WRL- 59-47 0.-& 0.9 -- -- -- -- --
WRL- 58--&7 0.-& 15.0 -- -- -- 1. 70 --
WRL- 57-47 1.4 1.9 -- -- -- -- --
WRL- 56-47 1.7 10.5 -- -- -- -- --
WRL- 55-47 1.5 15.7 -- -- -- -- --
WRL· 54-47 1. 3 16.0 -- -- -- -- --
WRL- 53-47 1. 2 0.9 -- -- -- -- --
WRL- 52-47 1.3 l.t.6 -- -- -- --
WRL- 51-47 1. 5 15.9 -- -- -- -- --WRL- 50-47 0.6 11.2 -- -- -- -- --
WRL· 49·47 0.8 0.8 -- -- -- -- --
WRL- 48-47 1. 8 8.8 -- -- -- -- --

C m~mber of ~hosphoria formation, lot no. 1ZZ4-.-top bed only 

C member of Phosphoria formation, lot no. 1225 

WRL-198-47 u.o 1. 0 0.5 1.1 0.01 -- 26.5 
WRL-197-47 8.3 1. 0 3.5 z.z 0.01 -- 8.4 
WRL-196-47 7.4 0.7 3. 5 2.5 0,01 -- 9.8 
WRL-195·47 9.9 o. 5 4.3 3. 7 0.01 -- 8.0 

50.6 57.-t 

26.5 58.9 
.tl. 2 59.6 
64.8 61.3 
40.0 61.6 

69.7 62.4 
61.8 63.7 

36.0 6-t.z 
72.3 66.7 
U.7 67.2 

53.9 68.1 
18.3 69.0 
59.7 69.-& 

36.4 69.8 
75.9 71.2 

44.9 72.9 

30.6 7-&.o& 

34.3 75.7 
17.9 76.9 

32.7 78.2 

29.1 79.7 
43.9 80.3 
19.5 81. 1 
42.7 82.9 

32.6 

I 
12.0 

73.1 20.3 
73,1 27.7 
75. 1 37.6 

506.39 

533.39 
5.tl.93 
547.54 
551.35 

·55.t.07 
560.83 

568 • .tl 
57-&.23 
581.48 

588.77 
610.37 
610.73 

616.73 
619.39 

637.24 

660.79 

681.59 
682.67 

701.65 

725.50 
722.22 
732. 86 
748.70 

12.00 
20.30 
25.48 
30.43 

.003 

.004 

.00-t 

.003 

.005 

.003 ..... 

.005 

.ooz 

.00-t 

• 00-t 
.006 
.003 

.ON 

.003 

.004 

.004 

.oo.t 

.001 

.00-t 

.005 

.ooo& 

.001 

.00-& 

.005 

.0005 

.0005 

.0005 

.0005 

.000 

.ooz 

.001 

.ooo 

.002 

.ooo 
• 001 

.002 

.ooo 
,001 

• 001 
.002 
.ooo 

• 002 
.000 

• 001 

,002 

.002 

.000 

--
.ooz 
• 001 
.ooo 
.003 

,004 

• 175 

.181 

.184 

. "' .191 

.193 

.&91 

.lOt 

.Z06 

.208 

.Bte 

.217 

.218 

.sao 

.21&4 

.211 

.857 

. 842 

.843 

.868 

. 256 

. 258 

.259 

.266 

• 006 
• 010 
. 014 
• 019 

. ::) 

r: 



Bed Sample Thickness Cheadcalanalyses(percent) 

no. Rock description no. (feet) P2o5 Al2o 3 Fe2o 3 v2o5 F Loss on 
i£Ditian 

C-32 Chert and limestone WRL-194-47 11.0 o. 5 1. 3 5. 1 0.01 -.- 12. 1 
C-31 Chert and limestone WRL-193·47 7.2 o. 3 3.2 2.6 0.01 -- 13.8 
C-30 Mudstone, calcareous WRL-192-47 5.0 1.1 6.2 2.4 0.01 -- 14. 1 
C·Z9 Limestone, cherty WRL-191-47 4.4 0.5 0.3 3,5 0.01 -- 17.6 
c-za Limestone, sandy WRL-190-47 4.3 0.4 4.1 1. 7 0.01 -- 22.8 

C-Z7 Sandstone, calcareous WRL-189-47 3. 1 0,6 1.1 2.7 0.01 -- 14.5 
c-z6 Limestone, sandy WRL-188-47 3. 2 o. 7 0.5 1.1 0.01 -- Z7.4 
c-u Sandstone and limestone WRL-187-47 7.8 0.6 0.6 1.6 0.01 -- 19.9 
C-Z4 Limestone, sandy WRL-186·47 Z.5 o. 8 0.6 1.7 0.01 -- 23.2 
c-u Limestone, sandy WRL-185-47 2. 7 0.6 0.8 1. 2 0.01 -- 35.0 

c-u Sandstone, calcareous WRL-184-47 5.8 1.8 o.z 1.3 0.01 -- 16. 1 
C·Zl Limestone, sandy WRL-183-47 7.3 0.8 0,7 1.6 0,01 -- 26.3 
c-zo Limestone, cherty WRL-182-47 7.8 0.3 0,5 2.6 0.01 -- 22.2 
C-19 Chert, calcareous WRL-181-47 3.7 o. 3 1.3 3.2 0.02 -- 13.5 
C-18 Limestone, sandy WRL-180-47 1.4 0.8 0.6 2.04 0.02 -- 21.5 

C-11 Limestone, sandy WRL-1 79-· 4 7 4,5 o. 7 0.6 1.6 0.02 -- 25.4 
C·16 Sandstone and limestone WRL-178-47 12.3 o. 7 0,2 1.9 0.02 -- 18.5 
C-15 Limestone, _sandy WRL-177-47 2.4 0.6 0. 9 1.2 0.01 -- 34.5 
C-14 Sandstone, calcareous WRL-176-47 . 5.4 1.5 0.4 0.9 0.02 -- 14.7 
c-u Limestone WRL-175-47 1. 3 o. 2 0.5 1.1 0. 01 -- 40.7 

c-u Limestone WRL-174-47 6.2 1.9 0.3 0.7 0.01 -- 37. 5 
C-11 Sandstone, calcareous WRL-173-47 9. 5 1.4 0.6 1.7 0.01 -- a.~ 
C-10 Chert, sandy WRL-172-47 4.2 o. 5 0.3 2.9 0.01 --

{ 
o.~ 

c- 9 Chert WRL-171-47 2.0 0.3 1.0 2.9 0.01 -- LQ 
c- a Chert WRL-170-47 3.2 0.4 1.3 4.7 0.02 -- <:.~ 

1 
c- 1 Chert WRL-169-47 5.0 o. 3 1.1 2.9 0.01 -- a, s 
c- 6 Chert WRL-168-47 5.0 0,4 1.6 4.4 0.02 -- 3.4'1 
c- 5 Chert WRL-167-47 5.0 0. 5 1.9 4.9 0.01 -- 5. 1 
c- 4 Chert WRL-166-47 5.0 0.4 2. 1 4 . 8 0.01 -- 6.9 
c- 3 Chert WRL-165-47 5.0 0.5 1. 7 4.7 0.02 ... 7. 2 

c- z Chert, calcareous WRL-164-47 5.0 0.4 1.8 4.0 0.01 -- 13.9 
c- 1 Chert WRL-163-47 4.0 0.5 2.0 3. 2 0.02 -- 2.2 
~--- ----------------~---------- - --- -----'----

B member of Phosphoria formation, lot no. 1225 

B• 30 I Mudstone and chert 
B•29 Mudstone . 

· B•Z8 Limestone, arpllaceous 

---

Cumulative Thickness x 
Acid thickness percent ~or 

insoluble (feet) (cumula e 

63.2 48.6 35.93 
62.3 55.8 38.09 
59.0 60.8 43.59 
52.9 65.Z 45.79 
43.2 69.5 47.51 

6.Z. 7 72.6 49.37 
36.0 7-5.8 51.61 
51.3 83.6 56.Z9 
44.6 86.1 5&.29 
20.5 88.8 59.91 

58.6 94.6 70.35 
37.0 101.9 76. 19 
43 . 1 109.7 78.53 
63.8 113.4 79.64 
47.4 114.8 80.76 

40.6 119.3 83.91 
55.4 131.6 9Z.52 
21.3 134.0 93.96 
62 . 2 139.4 102.06 

9. 1 140. 7 102.32 

10.4 146.9 114. 10 
67.2 156.4 lZ7.40 
94.3 160.6 129.50 
92.8 162.6 130. 10 
88.1 165.8 131. 38 

89.4 170,8 13Z. 88 
85.9 175.8 134.88 
79.7 180. 8 137.38 
78.2 185.8 139.38 
77. 1 190.8 141.88 

63.4 195.8 143.88 
89.7 199.8 145.88 

u~0tent 
reent 

eU Chem. U 

.0005 --

.001 --

.002 --

.0005 --

.0005 --

.0005 --

.0005 --

.0005 --

.0005 --

.001 --

.0005 --

.0005 --

. 0005 --

.0005 --

.0005 --

.0005 --

.0005 --

.001 --

.0005 --
• 0005 --
.001 --
. 001 --
.0005 --
.0005 --
.0005 --
.000 --
.0005 --
.0005 --
.0005 --
.0005 --
.0005 --
.0005 --

Thickness x 
percent eU 

(cumulative) 

.024 

.OJZ 

.04Z 

.044 

.046 

.047 

.049 

.053 

.054 

.057 

.060 

.063 

.067 

.069 

. 070 

.072 

.078 

.081 

.083 

.084 

.090 

.ooz•· 

.003 

.005 

.005 

.007 
• 010 
• 012 
.015 

.017 
• 019** 

.001 

.004 

.005 

• Cumulative data incomplete 
due to miaaiDg informatim. 
Compu1ations start from zero 
after btterrupticm. 

•• Note incompleteness of 
cumulative data. 

(J1 
(J1 



B-Z7 Limestone, ar111laceous and 
phosphate rock WRL-159-47 0.8 7. 5 2.2 1. 5 0.02 -- 24.9 27.3 4.3 9.74 .ooz -- .006 

B-26 Mudstone WRL-158-47 1.8 3.2 6.8 3. 1 0.04 -- 9.6 68.7 6. 1 15.50 .002 -- ,010 
B-25 Mudstone, phosphatic, calcareous WRL-157·47 2.3 11.7 1.8 1.7 0.02 -- 11.4 43.0 8.4 42.41 .OM -- .019 
B-24 Chert and mudstone WRL-156-47 5.4 0.9 2.7 3.5 0.02 -- 3.5 83.7 13.8 47.27 .001 -- .025 
B-23 Mudstone, cherty WRL-155-47 3.2 0.3 5.8 3.9 0.02 -- 5.0 79.0 17.0 48.23 .002 -- .031 

B-22 Mudstone, cherty WRL-154-47 2.8 0.2 6.8 3. 5 0.03 -- 3.4 86.6 19.8 48.79 .ooz -- .037 
B-21 Chert WRL-153·47 3.3 2.9 2.9 3.6 0.03 -- 8.4 70.7 23.1 58.36 .ooz -- .043 
B-20 Chert, calcareous and mudstone WRL-152-47 2.3 2. 3 1.7 3.4 0.03 -- 15.0 56.3 25.4 63.65 .ooz -- .048 
B-19 Phosphate rock, calcareous, 

argillaceous WRL-151·47 1.0 18.1 3.4 1.9 0.06 -- 11.6 25.6 26.4 81.7!5 .010 . 008 .058 
B-18 Mudstone WRL-150-4 71 1.3 1. 5 7.9 3.6 0.47 -- 13. 1 66.1 27.7 83.70 .004 -- .063 

B-17 Limestone, argillaceous WRL-149-47 0.8 0.3 5.8 3.4 0.08 -- 19.9 48.0 za.5 88.94 .ooz -- .065 
B-16 Mudstone, calcareous, phosphatic WRL-148·47 1.5 9.5 7.2 2.9 0.12 -- 10.6 50.0 30.0 98. 19 .007 .005 .075 
B-15 Mudstone, calcareous WRL-147-47 2.4 2.0 6.2 2.7 0,03 -- 19.4 45.4 31.4 102.99 .OIZ -- ,080 
B-14 Mudstone, phosphatic WRL-146-47 0.5 14.6 5.3 2.2 0.03 -- 10.0 39.4 32.9 110.29 .005 .004 .082 
B-13 Mudstone, calcareous WRL-145·47 1.7 1. 4 6.9 2.8 0.03 -- 16. 1 54.0 34.6 112.67 .008 • 001 .096 

B-12 Limestone, argillaceous WRL-144·47 3.3 5.8 6.0 2.6 0.04 -- 26.0 35.7 37.9 131.81 .014 -- .109 
B-11 Phosphate rock, calcareous WRL-143-47 2.6 19.8 2.3 1.4 o. 14 -- 20.8 12.0 &0.5 183.19 .OlZ • 010 .140 
B-10 Limestone, argillaceous WRL-142·47 1.3 4.8 5.4 2.1 0.09 -- 33.8 27.8 41.8 18'}. 53 .003 -- .lU 
B- 9 Limestone, argillaceous WRL-141-47 1. 0 3.6 5.2 2.3 o. 1 -- 37.3 27 . 3 42.8 193.13 .003 -- .147 
B- 8 Limestone, argillaceous WRL-140·47 1. 5 3.3 5.2 2.2 0,07 -- 36.3 27.9 44.3 198.08 .003 -- .1st ! 

B- 7 Limestone, phosphatic, ', !) 

argillaceous WRL-139·47 1.2 8.0 3.8 1.6 o. 1 -- 31.0 20.8 45.5 207.68 .005 .OM .158 
B- 6 Mudstone, calcareous and 

calcareous phosphate rock WRL-138-47 1.8 16.6 3. 1 1.9 o. 11 -- 24.7 15.2 47.3 Z37.56 .008 .006 .172 
B· 5 Phosphate rock, calcareous WRL-137-47 1.2 22. 1 2.4 1.0 0.07 -- 12.5 15.2 48.5 264.08 .009 .007 .183 
B- 4 Phosphate rock, calcareous and 

calcareous mudstone WRL-136-47 1. 5 20.5 2.3 1.2 0.09 -~ 18.3 14.2 50,0 294.83 .009 .007 .196 
B• 3 Limestone, argillaceous WRL-135·47 1.2 3.3 4.9 1.8 0.11 -- 23.7 41.1 51.2 298.79 .004 -- • Z01 

B- 2 Phosphate rock WRL-134·47 1. 2 16.8 3.6 1. 9 o.z -- 22.1 19.3 52.4 518.95 .007 • 006 • 210 
B• 1 Phosphate rock WRL-133-47 z.o 29.4 0.8 0.8 0.008 3.16 6.4 8.8 54.4 377.75 .009 ,007 .2Z8 

A member of Phosphoria formation, lot nos. 1226 and 1227 

Lot no. 1226 

A-53 Limestone WRL-132-47 5.0 0.2 -- -- -- -- -- 4.9 5. 0 1.00 .ooo -- .000 
A-52. Mudstone, calcareous WRL-131-47 2.3 0.2 -- -- -- -- -- 60.7 7. 3 1.46 .002 -- ,005 
A-51 Limestone WRL-130-47 4.7 o. 2 -- . -- -- -- -- 17.9 12.0 Z.40 .0005 -- .007 
A-50 Limestone WRL-129-47 4.9 1.2 -- -.- -- -- -- 3.3 16.9 8.28 .0005 -- .009 
A-49 Mudstone, calcareous WRL-128·47 4.8 0.2 -- -- -- -- -- 63.3 21.7 9.24 .ooz -- ,019 

A-48 Mudstone, calcareous WRL-127-47 5.0 0.3 -- -- -- -- -- 62.6 26.7 10.74 .ooz -- .029 
A-47 Mudstone, calcareous WRL-126-47 s.o o. 1 -- -- -- -- -- 64.8 31.7 11.24 .ooz -- .039 
A-46 Mudstone, calcareous WRL-125·47 5.0 1. 2 -- -- -- -- -- 72.9 36.7 17.U .ooz -- .049 

1 See additional analyses at end of table. 



Bed Sample Thickness Chemical analyses (percent) Cumulative Tb1cknesa z U"fum c0tent Thickness x 

no. Rock description no. (feet) P20s Al2o 3 Fe2o 3 v2os F LOSS on Acid thickness pe~cent ~J (percent percent eU 
ignition insoluble (feet) (cumula eU Cbem. U (cumulative) 

A-45 Mudstone. calcareous WRL-124-47 5.0 o. 1 -- -- -- -- -- n.o 41.7 17.74 .002 -- .059 
A-44 Mud~tone, calcareous WRL-123-47 2.3 o. 1 -- -- -- -- -- 71.4 44.0 17.97 .002 -- .064 
A-43 Mudstone, calcareous WRL-122-47 5.0 1. 3 -- -- -- -- -- 70.8 49.0 24.47 .COl -- .074 
A-42 Mudstone, calcareous WRL-121-47 5.0 1.3 -- -- -- -- -- 72. 1 54.0 30.97 .002 -- .084 
A-41 Mudstone, calcareous WRL-120-47 5.0 1. 3 -- -- -- -- -- 71.4 59.0 37.47 .002 -- .094 

A-40 Mudstone, calcareous WRL-119-47 5.0 0. 1 -- -- -- -- -- 70.9 64.0 37.97 .001 -- .099 
A-39 Sandstone, calcareous WRL-118-47 2.5 o. 1 -- -- -- -- -- 77.9 66.5 38.22 .001 -- .101 
A-38 Mudstone, calcareous WRL-117-47 3.7 o. 1 -- -- -- -- • -- 78.2 70.2 38.59 .002 -- . 109 
A-37 Mudstone, calcareous WRL-116-47 5.0 0.1 -- -- -- -- -- 68.9 75.2 39.09 .002 -- .119 
A-36 Mudstone, calcareous WRL-115-47 5.0 1.3 -- -- -- -- -- 65.5 80.2 45.59 .002 -- • 129 

A-35 Mudstone, calcareous WRL-114·47 5.0 0. 1 -- -- -- -- -- 65.4 85.2 46.09 .002 -- .139 
A-34 Mudstone, calcareous WRL-113-47 5.0 o. 1 -- -- -- -- -- 65.6 90.2 46.59 .001 -- .144 
A-33 Mudstone, calcareous WRL-112-47 s.o 1.4 -- -- -- . -- -- 65.0 95.2 53.59 .002 -- .154 
A-32 Mudstone. calcareous WRL-111-47 s.o 1.2 -- -- -- -- -- 58.6 100.2 59.59 .002 -- .164 
A-31 Madstone, calcareous and 

calcareous sandstone WRL-110-47 4.5 l. 2 -- -- -- -- -- 69.3 104.7 64.99 • 001 -- . 168 

A-30 Mudstone, calcareous WRL-109·47 2.8 0.2 -- -- -- -- -- 65.2 107.5 65.55 .002 -- • 174 
A-29 Sandstone, calcareous and 

mudstone WRL-108-47 3.6 0.3 -- -- -- -- -- 70.2 111. 1 66.63 .001 -- .177 
A·28 Limestone, cherty WRL-250-47 2.3 o. 5 -- -- -- -- -- 48.1 113.4 67.78 .001 -- . 180 
A-27 Limestone and sandstone WRL-249-47 2.4 0.3 -- -- -- -- -- 48.4 115.8 68.50 .001 -- . 182 
A-26 Phosphate rock WRL-248-47 1.0 31.4 -- -- -- -- -- lZ.O 116.8 99.90 .008 .007 .190 01 

·- J 
A-25 Limestone, cherty WRL-247-47 2.6 o. 5 -- -- -- -- -- 34.1 119.4 101.20 .001 -- • 193 
A-24 Limestone and chert WRL-246-47 3.5 0.3 -- -- -- -- -- 29.1 122.9 102.25 • 001 -- . 196 
A-23 Limestone WRL-245-47 1.8 o. 1 -- -- -- -- -- 9.9 124.7 102.43 .0005 -- .197 

Lot no. 1ZZ7 

A-22 Limestone, sandy WRL-244-47 5.6 o.o -- -- -- -- -- 48.4 130.3 102.43 .0005 -- • 200 
A-21 Limest<ll)e and sandstone, 

calcareous WRL-243-47 19.2 o. 1 -- -- -- -- -- 68.3 149.5 104.35 .001 -- • 219 
A-20 Limestone, sandy WRL-242-47 7.7 o. 1 -- -- -- -- -- 28.0 157.2 105. 12 • 001 -- . 227 
A-19 Limestone WRL-241-47 25.6 1.3 -- -- -- -- -- 19.9 182.8 138.40 .0005 -- • 239 
A-18 Chert and limestone WRL-240-47 5.8 0.4 -- -- -- -- -- 55. 1 188.6 140.72 .001 -- .245 

A-17 Limestone WRL-239-47 12.4 0.2 -- -- -- -- -- 11.3 201.0 143.20 .001 -- • 258 
A-16 Limestone, argillaceous WRL-238-47 4.2 0.4 -- -- -- -- -- 25.6 205.2 144.88 .002 -- .266 
A ·15 Limestone, argillaceous WRL-237-47 4.0 0.4 -- -- -- -- -- 40.6 209.2 146.48 .004 -- .282 
A-14 Mudstone WRL-236-47 2.3 o. 5 -- -- -- -- -- 76.3 211.5 147.63 .oo:s -- • 289 
A-13 lands tone WRL-235·47 17.8 0.2 -- -- -- -- -- 89.2 229.3 151. 19 .0005 -- .298 

A-12 Limestone, sandy, cherty WRL-234-47 11.0 0.3 -- -- -- -- -- 32.2 240.3 154.49 .0005 -- • 303 
A-ll Sandstone, calcareous WRL-233·47 7.5 0.1 -- -- -- -- -- 76.8 247.8 155.24 .0005 -- . 307 
A-10 Mudstone, calcareous WRL-232·47 2.3 0.4 -- -- -- -- -- 71.6 250. 1 156.16 .0005 -- .308 



A• 9 
A- 8 

A• 7 
A- 6 
A- 5 

A•-' 
A- 3 
A• 2 
A• 1 

Bed 
DO. 

B•l8 

Limestooe, arpllaceoua WRL-231-47 17.1 0.2 -- -- -- -- --
Chert and limestone fioat, 

bedrock not exposed -- 15.8 -- -- -- -- -- --
Chert, calcareous, sandy WRL-229·47 5.4 0.1 -- -- -- -- --
Chert and limestone WRL-228-47 5.4 1. 3 -- -- -- -- --
Chert, calcareoua, and limestone WRL-227-47 10.7 1. 3 -- -- -- -- --
Sandstone, calcareous WRL•226·47 6.8 1. 3 -- -- -- -- --
Limestone, cherty, sandy WRL-225-47 6.5 1.4 -- -- -- -- --
Limestone WRL-224·-'7 16. 1 0.1 -- -- -- -- --
Limestone WRL-223-47 13.3 1.2 -- -- -- -- --

Quadrant formation--not measured 

* Cumulative data incomplete due to missing information. Computations start from zero after interruption. 
** Note incompleteness of cumulative data. 

Additional analyaes of sample WRL-150-47 2 

Sample Pzos v2o5 F Si02 Tto2 CaO M&O DO. 

WRL-150·-'7 2.81 o. 56 0.31 60.60 0.48 4.02 2.34 

Nl Cr2o 3 Co Zn Cu Pb Ag 

0.022 0.02 0.004 0.003 0.011 0.006 0.0001 

~ Analysea .....te bJ the U. S. Geological Survey, Geochemistry and Petrology Branch. 
C02 ud S reporteu present. 

41.1 267.2 

-- 283.0 
66.7 288.4 
54.8 293.8 
58.7 304.5 

75.6 311.3 
25.7 3l7.8 

7.0 333.9 
6.1 347.2 

Na2o K 20 

0.17 3.15 

Mo03 w 

0.006 <0.005 

159.58 

--
0. 54• 
7.56 

21 •• 7 

30.31 
39.-'1 
41.02 
56. 98•• 

MnO 

o.o2a 

Orpnic 
matter 

6.66 3 

.0005 --
-- --

.0005 --

.0005 --
• 001 --
• 001 --
.0005 --
.0005 --
.0005 --

• 317 

--
.003• 
. 005 
• 016 

. 023 

.026 

.034 
• 0-'1** 

<.n 
00 



WADHAM SPRINGS, MONTANA. LOT NOS. 1Z46 and 1Z47. 

Phosphoria formation sampled in bulldozer trenches near Wadham Springs on southeast limb of anticline. UpP!Jr ~rt of formation, 
lot no. 1Z46, sampled in north tr ench, SEtswt sec. ZZ; and lower part of formation, lot no. 1Z47, in south trench, swtNEt sec. Z8, 
T . 13 S., R. 7 W., Beaverhead County, Montana. Beds strike N. 3o• E. and dip 70 - 80• SE. Section measured by D. A. Bostwick, 
E. R. Cressman, and L. A. Thomas and sampled by Bostwick, Cressman, Thom as, and W. H. Wilson in August 1948. Samples analyzed 
by U.S. Bureau of Mines Labora tory, Albany, Oreeon. 

Che~cal U:)lyses Cumulative Thickness x Bed Rock description Sample Thickness (percent thickness percent P~f no . no. (feet) 
Pz05 I Acld (feet) (cumulat insoluble 

Dinwoody formation 

Samples aualysed for eU and 
cbem. U b)- the U. S. Geological 
Surwy Laboratory, Geochemistry 
aDd Petroloty Branch. 

Uranium coatent Thickness x 
(percent) percent eU 

eu jCbem. u (cumulative) 

'ltd·11Mudstone - _m_____ I ERC-157 I --~ -T 1.3 1-83~---~ -- I -- I .001 I -- ( 
E member of Phosphoria formation, lot no. 1Z4 7 

E-lZ Mudstone and chert ERC-156 3.6 1. 4 78.5 3.6 5.04 .0005 -- .ooz 
E - ll Siltstone and sandstone ERC-155 5.8 1.3 78.Z 9.4 1Z.58 .001 -- .008 
E-10 Mudstone. cbert, and aandstoae DAB-154 9.4 1.4 88. 1 18.8 Z5.74 .0005 -- .OlZ 
E- 9 Mudstone and chert DAB-153 11. z 1.4 89.1 30.0 41.42 .0005 -- • 018 
E- 8 Sandstone and chert DAB-15Z z. 1 1. 3 86.3 3Z.l 44.15 .0005 -- • 019 

E- 7 Mudstone and chert ERC-151 14.5 1. 4 89.7 46.6 64.45 .ooos -- .oz6 
E - 6 Chert ERC-150 8. 1 1. 7 90.5 54.7 78.ZZ .0005 -- .030 
E- 5 Mudstone and chert ERC-149 1Z.3 1. 1 89.9 67.0 91.75 .0005 -- • 036 
E- 4 Mudstone and chert1 ~· 

col. no. 48-KPM-69 DAB-148 9.3 1.4 9Z.O 76.3 104.77 .0005 -- . 041 
E- 3 Mudstone and chert DAB-147 18.0 1. 0 9Z.5 94.3 lZZ. 77 .0005 -- .oso 

E- Z Mudstone and chert; fos. col. no. 
48-KPM-69 DAB-146 14.8 1. 1 93. 1 109.1 139.05 .0005 -- .057 

E• 1 Chert, phosphatic ERC-145 0.8 16.9 53.Z 109.9 152.57 .oos .005 • 061 
-

D member of Phosphoria formation, lot no. 1Z47 

D-Z3 Mudstone, phosphatic ERC-144 1. 5 17.0 51. z 1.5 Z5.50 .oos -- .005 
o-zz Phosphate rock, argillaceous ERC-143 z.o5 Z8. 5 zo.z 3.55 83.9Z .009 .007 .OZ3 
D-Zl Phosphate rock, argillaceous DAB-14Z 0.5 Z1.6 31.7 4.05 94.72 .006 ·"' .OZ6 
D-zo Mudstone, phosphatic DAB-141 0.8 9.9 59.6 4.85 102.64 .005 .004 .030 
D-19 Mudstooe; fos. col. no. 48-KPM-68 DAB-140 3;3 3.9 75.9 8.15 115.51 .003 -- .040 

D-18 Mudstone and phosphate rock ERC-139 3.5 14.Z 48.0 11.65 165.Zl .006 .006 • 061 
D-17 Mudstone ERC-138 l.Z 3.6 7Z.9 1Z. 85 169.53 .ooz -- .063 
D-16 Mudstone and phosphate rock ERC-137 0.7 10.5 5Z.O 13..55 176.88 .005 .004 .067 
D-15 Mudstone DAB-136 1. 8 4.4 71.3 15. 3.5 ll·l. 10 .oos -- .072 
D-14 Mudstone, phosphatic DAB-135 1.5 11.4 53.3 16.85 ZOl. '10 .005 .005 .080 

D-13 Phosphate rock. argillaceous DAB-134 0.6 17.9 44.3 17.45 Z1Z.64 .006 .006 .083 
o-1z Mudstone, phosphatic DAB-133 1. 0 9. 7 55. 8 18.45 ZZZ.34 .oos .005 .088 

(_ 
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D-11 Mudstone and phosphate rock DAB-132 0,8 14.3 46. 1 19.25 Z33,78 .007 .007 .094 
D-10 Mudstone DAB-131 1.0 6.2 66.0 20.25 239.98 .003 .. .097 
D- 9 Mudstone ERC-130 1.9 6.4 65.8 22.15 Z5Z.14 .ooz ·- • 101 
D- 8 Mudstone. phosphatic ERC-129 1. 1 8.5 52.5 23.25 Z61.49 .005 .oos .106 
D- 7 Mudstone ERC-128 1.2 6.3 63.0 24.45 269.05 .OCM -- .111 

D- 6 Mudstone and phosphate rock ERC-127 3. 7 17. 1 40.3 28.15 331.32 .005 .005 .129 
D- 5 Mudstone ERC-126 0.8 5.3 75. 7 28.95 336.56 .ooz -- .131 
D- 4 Mudstone, phesphatic ERC-125 2.3 14.3 45. 1 31.25 369.45 .006 .006 .145 
D- 3 Phosphate rock, argillaceous DAB-124 0.8 16.2 &1.3 32.05 382.41 .003 -- .147 
D- 2 Mudstone and phosphate rock DAB-123 3.6 9. 7 59.0 35.65 417.33 .005 .005 .165 

D- 1 Mudstone and phosphate rock DAB-122 2.3 7.2 61. 7 37.95 433,89 .005 .005 .178 

29 feet below D-1 not exposed thouah trenched by bulldozer and hand to depth of 24 feet. Interval probably chiefiy D member. 

C member of Phosphoria formation, lot nos. 1246 and 1247 

Lot no. 1247 

C-18 LiDWstone; fos. col . no. 48- KPM-67 ERC-121 21.8 0.7 11.3 21.8 15.26 .001 .002 .174 
C-17 Limestone; fos. col. no. 48-KPM-66 DAB-120 22.5 1.2 16.5 44.3 &2.26 .001 -- .197 
C-16 Limestone; fos. col. no. 48-KPM-65 DAB-119 15.0 0.8 11. 3 59.3 54.26 .001 -- .21Z 
C-15 Limestone; fos . col. no. 48-KPM-64 DAB-118 18,4 0.6 16.0 77.7 65.30 .0005 .. .221 
c-14 Mudstone, calcareous ERC-117 17.7 0.6 53.3 95.4 75.92 .001 ·- .239 

C-13 Mudstoae, calcareous ERC-116 20,3 0.4 73.4 115.7 84.04 .001 -- .259 
C-lZ Mudstone, calcareous ERC-115 12.2 0,7 57.0 127.9 92.58 .001 -- .271 en 
C-11 LiDWstone DAB-114 2.6 0.3 18.9 130.5 93.36 .0005 -· .273 
C-10 Limestone; fos . col. no. 48-KPM-63 DAB-113 19.8 0.3 6.8 150.3 99.30 .0005 -- .281 
c- 9 Limestone, fos. col. no. 48- KPM-62 DAB-112 13.3 0.3 5. 8 163.6 103.29 .0005 -· .289 

c- 8 Limeatoae DAB-111 14.9 0.3 12.6 178.5 107.76 .0005 -- .297 
c- 1 LimestoD8 DAB-110 13,6 0.2 12.5 192.1 110.48 .0005 -- .303 
c- 6 Limestoae DAB-109 7.3 0.2 5.9 199.4 1-11.94 .0005 -- .307 
c- 5 Limestone, arJillafeous DAB-108 8.2 0.3 21.3 207.6 114.40 .0005 ·- • 311 
c- 4 Sandstone, calcareous DAB-107 1. 2 1.3 56.5 208.8 115.96 .001 -- • 312 

c- 3 Chert DAB-106 14.8 0.2 87.7 223.6 118. 9Z .0005 -- . 320 

Lot no. 1246 

c- 2 Cbert, sandstone and mudstone LAT-105 17.7 0.7 93.9 241.3 131.31 .0005 -- .329 
c- 1 MudatoDe and chert DAB-104 13.6 0.65 93.3 254.9 140.15 .001 -- • 342 

------ -----------

B member of Phosphoria formation, lot no. 1246 

B- 8 MudstoDe; foa. col. nos. 48-KPM-61 and 

I 
48•KPM·60 DAB-103 13.2 2.2 87,2 13,2 29.04 .ooz -- .026 -- Mudlltone, phosphatic LAT-264 (1. 3) 10.7 70.0 -- -- .ooz ·- --
LAT-Z64 represents upper 1. 3 feet of DAB-103. 

1 J'oall collection by K. P. McLauablin, Paleontoloey and Stratiaraphy Branch, U.s. Geoloaical Survey. 

t:J 



Chemical analyses Cumulative Tbickne .. X Uranium contat Thickness x Bed Rock descripUon Sample Thickness (percent) thickness percent P~f (percent) · percent eU no. no. (feet) Acl<t 
P2o5 insoluble (feet) (cumulat .u Cbem. U , (cumulative) 

B- 7 Chert and mudstone DAB-102 4.6 0,35 95.3 17.8 30.65 .0005 -- .029 
B- 6 Mudstone and chert ERC-101 s. 7 0.60 93.3 23.5 34.07 . 001 -- .034 
B- 5 Mudstone, cherty ERC-100 14.3 0.3 94.0 37.8 38.36 .0005 -- . 042 
B- 4 Phosphate rock, sandy ERC- 99 0.9 Z6. 1 Z9.5 38.7 61.85 .009 • 007 .050 
B- 3 Mudstone; fos. col. no. 48-KPM-59 LAT- 98 a.2 4.6 74.0 46.9 99.57 .004 -- . 082 

B- Z Phosphate rock, argillaceous LAT-263 0.8 Z6.3 22.4 &7.7 U0.61 .011 .013 • 091 
B- 1 Phosphate rock. areillaceous LAT-262 4.3 23.2 23.6 52.0 220.37 .013 . 013 • 147 

-

A member of Phosphoria formation, lot no. 1246 

A-15 Mudstone, calcareous LAT- 96 6.8 0.6 76.0 6.8 4.08 .001 -- • 007 
A-14 Mudstone and limestone ERC- 95 3.8 0.6 51.6 10.6 6.36 .002 -- • 014 
A-13 Limestone ERC- 94 2.0 0,2 6.5 12.6 6.76 ,0005 -- • 015 
A-12 Mudstone, calcareous ERC- 93 3. 2 0.4 67.6 15.8 8.04 .001 -- • 019 
A-ll Limestone DAB- 9Z 3.3 o.z 10.2 19.1 8.70 .0005 -- ,020 

A-10 Mudstone, calcareous DAB- 91 1.9 0.25 70.1 21.0 9.18 .002 -- .024 
A- 9 Limestone; foa. col. no. 48-KPM-58 DAB- 90 5.4 0.3 6.7 26.4 10.80 .0005 -- • 027 
A- 8 Mudstone, calcareous LAT- 89 12.7 0.1 . 50.0 39.1 1Z.06 • 001 -- .039 
A- 7 Mudstone, calcareous LAT- 88 12.7 o. 1 57.0 51.8 13.34 .001 -- .052 
A- 6 Mudstone, calcareous LAT- 87 11.6 O.Z5 66.6 53 . 4 16.24 ,002 -- • 075 

A- 5 Mudstone, calcareous, cherty ERC- 86 9.4 0.4 7Z.8 7Z,8 20.00 .001 -- .085 
A- 4 Mudstone and limestone ERC- 85 8. 1 0.4 32.4 80.9 Z3.24 .0005 -- • 089 
A- 3 Mudstone and chert; fos. col. no. 48-KPM-57 ERC- 84 11.6 0.3 56.6 92.5 26.71. .0005 -- .095 
A- 2 Limestone DAB- 83 18,2 o.z 4.6 110.7 30.36 .0005 -- .104 
A- 1 Mudstone, o.alcareous,and sandstone DAB- 82 12.4 0.5 85.5 123.1 36.56 • 001 -- .116 

-

Quadrant formation 

Cq-1 I Sand~tone I DAB- 81 [ 18.0 I 0. 2 I 97.6 I -- I -- I . 000 I -- I --

en 
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CENTENNIAL R.\NOE TRENCH NO. 4, MONTANA. LOT NO. lZ51. 

B melllber ol. Pboapllol'ia formatioo sampled in band trench at Centennial Ran1e locality no. 4 aloq south atde ol eaat fork ol Odell Creek. aear zt coi'Der Me. 6, T. 15 8., R. 1 w., Beaverhead County, Montana, on aoutbward-dtppiq bomoellne. Beds strtk5 N. 10• W. and dtp 10• S. Section 
meaa.lll'ed by W. 8. Bonkala and aampled by 0. A. Payne in Aupat 1948. Samples analyzed for P 0 , F, and acid inaoluble by U.S. Bureau of Miaea 
Laboratory, Albany, Ore1on, and for other conatituenta by Trace Elements Section Laboratory. d. ~. QeolotlcalSurvey, Waabiftllon, D. C. , 

Bed 
DO. 

Rook cteacrlptioo 

B-1 I Pba.pllate rock 

C member of Pba.pboria formation--not measured 

B member ot Phosphoria formation 

A member of Pba.pboria formation--tlot meaaured 

Cumulati'n 
tbickaeaa 

(feet) 

6.Z 

Thickaeaa a 
percent ~20, (cumulaUft 

lulplea llll&lyud for eU and 
..... U by the U. S. Oeolopcal 
Baney Laboratory. Qeocbemiatry 
ud Petrolo17 Branch. 

ThicJmess x 
perceat eU 

(cumulative) 

J) 
."\) 



ODELL CREEK, MONTANA. LOT NO. 1252. 

UpP.ttr part of Phosphoria formation sampled and lower part of Dinwoody formation measured in band trench on west side of Odell 
Creek, SEl sec. 1, T. 15 S., R. 2 w .• Beaverhead County, Montana, on soutbward-dippina bomocline. Beds strike N. 82• E. and dip 30• S. 
Section measured by F. S. Honkala and 0. A. Payne and sampled by Payne and J . A. Kelleher in 1948. Samples analyzed by U.S. Bureau 
of Mines Laboratory, Albany, Oreaon, 

Bed Sample Thickness Chemical analyses Cumulative Thickness x 
no. Rock description no. (feet) (po.roeet) tbickne .. percent P~f 

P205 I AC1c1 (feet) (cumulat inl!loluble 

Lower part of Dinwoody formation 

'ltd-30 Limestone -- 2. 1 -- -- z. 1 --
'ltd-29 Limestone -- 2.8 -- -- 4.9 --
'l'd-28 Mudstone -- 2,6 -- -- 7.5 --
'l'd-27 Limestone -- 2.9 -- -- 10.4 --
'l'd-26 Limestone and dolomite -- 3.6 -- -- 14.0 --
-..d-25 Limestone -- 5.0 -- -- 19.0 --
-..d-24 Mudstone, calcareous -- 4.9 -- -- 23.9 --
'l'd-23 Limestone and calcareous mudstone -- 2.7 -- -- 26.6 --
'l'd-22 Dolomite -- 4.5 -- -- 31. 1 --
'l'd-21 Dolomite and calcareous mudstone -- 5.0 -- -- 36.1 --
'l'd-20 Dolomite -- 1.3 -- -- 39.4 --
'l'd-19 Dolomite -- 5.0 -- -- 44.4 --
'l'd-18 Dolomite -- 2.2 -- -- 46.6 --
'l'd-17 Dolomite and calcareous mudstone -- 2.3 -- -- 48.9 --
'l'd-16 Dolomite -- 3.3 -- -- 5Z.2 --
'l'd-15 Limestone -- 1.8 -- -- 54.0 --
'l'd-14 Dolomite and limestone -- 3.4 -- -- 57.4 --
'l'd-13 Mudstone and dolomite -- 3.2 -- -- 60.6 --
'l'd-12 Dolomite and mudstone -- 0.5 -- -- 61. 1 ·-
'l'd-11 Dolomite -- 1.3 -- -- 62.4 --
'Jtd-10 Dolomite -- z.o -- -- 64.4 --
'I'd- 9 Dolomite -- 1.7 -- -- 66.1 --
'I'd- 8 Dolomite and mudstone -- 3.0 -- -- 69.1 --
'I'd- 7 Dolomite -- 1.4 -- -- 70.5 --
'I'd- 6 Dolomite -- 3. 1 -- -- 73.6 --
'I'd- 5 Dolomite and mudstone -- 1.6 -- -- 75.Z --
'I'd- 4 Mudstone, calcareous -- 2. 1 . -- -- 77.3 --
'I'd- 3 Mudstone -- 0.3 -- -- 78,1 --
'I'd· 2 Mudstone -- Z.2 -- -- 80.3 --
'I'd- 1 Mudstone, calcareous and dolomite FSH -417 2.4 0.6 17.6 82.7 --

Samples analysed for eU 
by the U. S. Geolotical Survey. 
Geochemistry and Petroloty 
Branch. 

Uranium coatent Thickness x 
(percent) percent eU 

eU (cumulative) 
-----

-- ---- ---- ---- ---- --
-- ---- ---- ---- ---- --
-- ---- ---- ---- ---- --
-- ---- ---- ---- ---- --
-- ---- ---- ---- ---- --
-- ---- ---- ---- --

.0005 --

en 
w 
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E member of Phosphoria formation--upper part only 

E-16 Mudstone, calcareous FSH-416 2.6 0.4 57. 1 
E-15 Mudstone, calcareous and limestone FSH -415 1.8 0.3 49.2 
E-14 Limestone, argillaceous FSH-414 1. 5 0.4 45.0 
E-13 Limestone FSH -413 0.8 0.7 15.6 
E-12 Mudstone, calcareous FSH-412 0.2 0.5 50.6 

E-ll Limestone FSH - 411 1.0 0.7 11.6 
E-10 Limestone, argillaceous FSH-410 0.3 0.75 29.6 
E• 9 Limestone, areillaceous FSH-409 1.3 0.4 38.5 
E· 8 Mudstone, calcareous FSH-408 0.6 0.2 70.0 
E- 7 Mudstone FSH-407 0.9 0.9 78.9 

E· 6 Chert FSH-406 1.4 1.8 86 . 7 
E- 5 Mudstone OAP-405 4.5 1.5 84.0 
E- 4 Chert OAP-404 1.5 1. 05 90.6 
E- 3 Mudstone and sandstone OAP-403 0.7 1.3 89.3 
E• 2 landstone OAP-402 0.7 4.6 82.9 

E- 1 Chert OAP-401 2.6 0.4 94.8 

2.6 1.04 
4.4 1.58 
5.9 2.,ti8 
6.7 2.74 
6.9 2.84 

7.9 3.54 
8.2 3.76 
9.5 4.28 

10. 1 4.40 
11.0 S. Zl 

12. 4 7. 73 
16.9 14.48 
18.4 16.06 
19.1 16.97 
19.8 20.19 

22.4 21.23 

.002 

.002 

.002 

.0005 

.002 

.005 

. 001 

.0005 
• 002 
• 001 

.0005 
• 001 
.0005 
.0005 
.0005 

.0005 

.005 

.009 
• 01Z 
.012 
. 013 

. 013 

.013 
• 014 
• 015 
• 016 

.017 

.021 

.022 

.022 
• 023 

.024 

en 
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CENTENNIAL RANGE TRENCH NO. 1, MONTANA. LOT NO. 1253. 

D. E, and part of C members of Phosphoria formation sampled in hand trench at Centennial Range locality no. 1 near crest ot 
range, NW corner sec. 33, T. 14 S., R. 1 W ., Beaverhead County, Montana, on southward-dipping homocline. Beds strike e~st and dip 
zo• S. Section measurE~d by F. S. Honkala and 0. A. Payne and sampled by J. A. Kelleher in July 1948. Samples analyzed by TJ. S. Bureau 
of Mines Laboratory, Albany, Oregon. 

Bed Sample Thickness 
Che{ical analyses Cumulative Thickness~ 

Rock descrtptiot. (percent) 
no. no. (feet) I Acid 

:.hickJM,ss percent ~f 
P20s insoluble (feet) (cnnula 

Dinwoody formation 

Samplell aaal,sed for eU and 
cbem. U by the U. S. Geological 
Survey Laboratory. Geochemistry 
and Petrology Branch. 

u~~OCIIlt.rt Thicluless x 
rceot) percent chem. U 

eu ,c: .. m. u (cumulative) 

'1-d-11 Mudstone I OAP-•96 I o. 7 I o. 8 I 79. 7 I -- I -- I . ODOS I . 0005 I 
E member of Phosphoria formation 

E-21 Mudstone, c«.lcareous OAP-495 

I 

2.ti 1.3 SB. 8 I 2.8 3.l-4 • 001 .0005 .ooz 
E-20 Mudstone, calcareous OAP-4~4 2. r; 1. 4 75.7 5. 3 7.1 .. .001 .0005 .003 
E-19 Mudstone, calcareous OAP-493 3. 4 1.3 74.6 8.7 11.56 .001 .0005 .004 
E-18 u.-tone, calcareous OAP-492 z.o 1. 3 75.0 10.7 14.16 .001 .0005 .005 
E-17 Chert OAP-491 1. ') 1.0 77.7 12.2 15.66 .ooos .0005 .006 

E-16 Chert OAP-490 3. :) ::.3 95.3 15.7 16.71 .0005 .0005 .oots 
E-15 Chert OAP-489 4.1 0.5 83.3 19.8 11.76 .0005 .0005 .010 
E-14 Chert OAP-488 I 

3.7 0.7 90.2 23.0 21.00 .0005 .ooo5· .012 
E-13 Chert OAP-487 I 2.9 0.5 93.5 25.9 22.45 .0005 .0005 .013 
E-12 Chert FSH-486 5.0 0.6 93.3 30.9 25.45 ,0005 .0005 .016 

E•ll Chert FSH·US 5 . 0 0.6 88.0 35.9 2S.45 .ooos .0005 .018 
1!1·10 Chert FSH -484 5.0 o.s 86, 7 40.9 30.95 .0005 .0005 .021 
E· 9 Chert FSH-483 5.0 0.5 86.7 45.9 33.45 .0005 .0005 .023 
E- 8 Chert FSH -482 5. c 0.5 85.2 50.9 35.95 .OOC5 .0005 .026 
E- 7 Do1omhe and calcareous mudstone FSH -481 3. 2 0.3 50. 7 54.1 36.91 .0005 .0005 .027 

I:- 6 Chert FSH -480 4.3 o. s B4.3 58.4 39.06 .0005 .0005 .029 
E- 5 Chert FSH-479 5.0 0.6 82.3 63.4 42.06 .0005 .0005 .032 
E- 4 Chert, calcareous and mudstone FSH-478 5.0 0.5 77.0 68.t 44.56 .0105 .0005 .034 
E· 3 Mudstone and umestone FSH-477 3. r; 0.5 76.2 71.9 46.31 .0005 .0005 .036 
E- 2 :Mudstone r.nd chert FSH-476 5.0 0.6 81.7 76.9 49.31 .0005 .0005 .on 

E- 1 Mudstone. calcareous and chert FSH-475 I 5,0 0.8 77.3 81.9 53.31 .001 .0005 .041 
~ --·-··--· ----------- -- -- -- ----

D member of Phosphoria formation 

D-12 Mudstone OAP-474 3.3 1. 0 76.0 3.3 

I 
3.3 • 001 .001 .003 

D-11 Mudstone OAP-473 l.Z 0.9 77.5 5.5 5.28 .ooz .001 .006 
D-10 ll.udstone OAP-472 1.2 1.5 74. 7 6.7 7.(,8 .oos .001 .007 
D· 9 Mudstone OAP-471 4.6 0.6 69.0 11.3 9.84 .ooz • 001 • on 

Beds D-9 through D-12 are slumped and thicknesses may not be correct. 

en 
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D• 8 Mudatoae OAP-470 z.o z.z 
D• 7 Mudatone, calca~ OAP-469 1.7 3.3 
D- 6 MudatOM OAP-468 0.4 7.6 
D• 5 Pba.pbate rook OAP-467 0.1 33.6 
D• 4 Kudatoa. OAP- 466 0.9 7.5 

D• S lludatoae, flbo•pbatic OAP-465 1.1 1.0 
D• Z PluMipbate rock OAP-464 1. 1 Z9,3 
D• 1 lludatCIIle OAP- 463 1.0 6.6 

C member ol Pboapboria formatiCIIll 

C•l5 SaDdatODe I'SB-46Z z.8 1.8 
C•1t Saad•tone I'SH -461 5,0 z. 1 
c-u SaDdatcme FSH-460 4.1 1. 7 
c-u SuadatOM FSH-459 5,0 1. 7 
c-u SaadatOM FSH•458 5.0 1.7 

C-10 Saallatoae II'SH-457 Z.6 z. 1 
C• 9 8udat0De II'SH-456 s.o z.z 
c- a Saadatoae FSH-455 1. 1 7.6 
c- 1 S&Ddatcme FSH-4,. 3.9 Z.4 
c- 6 Chert FSH-453 4..0 1. 6 

c- s Quartslte II'SH-451 l.Z z.o 
c- 4 Dolomite, arpllaceoua FSH-451 3.0 1. 7 
c- 3 Limeatone, •aud7 II'SH-450 3.5 o.z 
c- z Lime atone FSH-449 5,0 o.o 
c- 1 Dolomite aad celoareoua Mlldatoae FSH-448 4.8 0.1 

It 1• cloubtlul that tbe full tbiclme•• of the C member waa expa.ed at tb1a looalit,. 

71.7 IS. 3 14.Zt 
67.9 15.0 19.85 
53.5 u ... 12.19 
6.4 16.Z 49.77 

ts.7 17. 1 56.51 

51.5 11.Z 65.SZ 
u.z 19.3 97.55 
66.0 zo.s 104.15 

90.7 Z.8 7.14 
91.9 7,8 18.34 
9Z.6 lZ.O Z5.48 
91.8 17.0 33.98 
9Z.7 zz.o 41.48 

91.0 Z4.6 t7.94 
90.7 Z9.6 51.94 
74..Z 30.7 67.30 
13,8 34..6 76.66 
10.3 38.6 83.06 

89.0 39.8 85.46 
36.0 41.8 90.56 
3Z. 1 46.3 91.16 
16,3 51.3 91.16 
6Z.5 56.1 91.7t 

.oos 

.oos 

.oos 

.010 
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.007 
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.001 
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.0005 

.001 

.011 

.0005 

.001 

.0005 

.0001 

,8005 
.0005 
.1005 
.0005 
.001 

.001 

.oo.z 

.oo.z 

.001 

.ooz 

.oes 

.006 

.HZ 

.001 

.011 

.0005 

.0005 

.1005 

.HI 

.Oil 

.0005 

.001 

.HI 

.001 

·"" .101 
.HOJ 
.0105 

.013 
,017 
.018 
.OZ4 
.OZ6 

.OZ9 

.036 

.038 

.003 

.008 

.010 

.liZ 

.015 

.018 

.OZ3 

.OZ3 
,OZ7 
• 031 

.03Z 

.034 

.037 

.040 

.OolZ 
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CEKTEMMIAL BANGE TBENCBES NOS. Z AND 3, IDAHO. LOT NOS. 1254 AND 1Z55, 

Ph011pbona formation aampled ill CenteDDial Balli• band trenches n~. Z and 3. Upper part d formation. lot no. 1255, sampled 
ill trench no. Z, NWi Mc. lZ, T. 14 If,, B. -60 E.; lower part d fonnatloa. lot no. 1Z5-&, sampled ill trench no. 3, NEt sec. 7, T. 1-6 1\ 
B. -61 E., Clark COUDQ", Idabo, at crest d raaae on southward-dippiq homoclille. Beds at trench no. 2 strike N. 65• W. and dip 1-&• SW., 
aad beda at trench no. 3 strike N. 10• w. and dip zz• S. Section measured by F. S. Bonkala and 0. A. Payne and II&TilPled by J. A. Kelleher 
aad R. L. ~ill JulJ19-&8. Samples anal:Jt&ed bJ U.S. Bureau d Milles Laboratory, Alb&D)', 0re1on. 

Chemical analyMs 
Bed Bock cleacliptlon lample Tbiclaless (percent) 
DO. no. (feet) 

Pz05 I AC1Q 
insoluble 

Dinwoody formation 

'lt<l-Z~Mudataoe, calcareous. sandy 
'ltd-1 MudatODe and Umestone 

B:-12 
J:-11 
·-10 

·- 9 
·- 8 

·- 7 B- 6 
J:- I 

·-" 
·- s 
z- z 
·- 1 

D-U 
D-11 
D-10 

D• 9 
D• I 
D· 7 
D- 7 
D- 6 
D- 5 
D• 4 
D- 3 

E member of .Phosphoria formation, lot no. 1255 

lludatone, sandy FSB-539 5.0 1. 0 81. 1 
lluutoae FSB-538 5.0 1. 1 81. s 
lludatone, sandy, calcareous FSB-537 5,0 l.Z 74.6 
lludatone and chert FSB-536 0.9 1.3 89.0 
Chert FSB-535 0.6 0.4 93.0 

Cbart, al'lillaoeous FSB-534 2.Z o.o& 92.5 
Cbart, arlillaoeous FSB-533 1.3 0.-& 87.-& 
Cbart, &J'Iillaceous FSB-532 3.8 0.6 89.5 
Chert, arelllaceous FSB-531 2.7 0.6 90.2 
Chert and mudataoe FSH-530 -&.0 0.6 90.1 

lludatODe FSH-529 1.8 0.65 81.6 
lludatone FSH-528 1. I 0.80 82.4 

D member of Phosphoria formatlnn, lot no. 1255 

lludataae I OAP-527 I o. 9 I o. 8 I 86. S lludataae OAP-526 1.6 1.0 81.5 
lludataoe OAP-525 3. 0 1. 05 80. 7 

Possible fault at top of D-9 indicated by gouge and breccia zone. No displacement apparent. 

lludatoM 
Mudatoae 

lludatone, calcareous 
Phosphate rock 
Uudatoae 
lluclatone. oalc&reou. and phosphate rock 
Phosphate rock 

OAP-524 
OAP-523 

OAP-522 
OAP-521 
OAP·SZO 
OAP-519 
OAP-518 

3.2 
2.2 

5.0 
1.5 
0.7 
1, 4 
0.7 

1. 6 
;. 1 

1. 7 
31.4 
5.4 
9.65 

u.s 

I
. 80.3 

77.1 
I 

70.6 
10.0 
66.0 
52.3 
4.3 

Cumulative 
thickness 

(feet) 

0.5 
1. 3 

5.0 
10.0 
15.0 
15.9 
16.5 

18,7 
zo.o 
23.8 
26.5 
30.5 

32.3 
34.0 

0.9 
2.5 
5.5 

8. 7 
10.9 

15.9 
17.4 
18.1 
19.5 
iO.Z 

Thickness x 
percent p 0 
(cumulaU\;f 

_ _. 
0.52 

5,00 
10.50 
16.50 
17.67 
17.91 

18.79 
19.31 
21.59 
23.21 
25.61 

26.7a 
28.1-& 

0.72 
2.SZ 
5.17 

10.59 
13.01 

21.51 
61.61 
72.39 
85.90 

110.05 

S&QplH anal:JS&d tor eU and 
cbem. ':J bY the U.S. Geolopcal 
S1lneJ Laboratai'J', Geochemistry 
ud PetroiOIJ BI'&IICJ-

Un==r-t 

eu 

.001 

.001 

.001 

.0005 

.0005 

.0005 

.0005 

.0005 

.0005 

.001 

.001 

.001 

.001 

.002 

.002 

.002 
,002 

.003 

.011 

.005 

.006 

.008 

l(;MID. U 

----.... ----
------.... --... --

.009 

Tblclmeas x 
perceDt eU 

(cumulative) 

--· • 001 

.005 

. 010 
• 015 
• 015 
• 016 

.017 

.018 
,019 
.OZl 
.025 

.026 

.028 

• 001 
.004 
• 010 

.016 

.021 

.036 

.052 
,056 
.06-t 
.070 

cr> 
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D- 2 I Mudstone 
D- 1 Phosphate rock. arpllaceous 

C member at Phosphoria formation, lot nos. 1255 and 1254 

Lot no. 125·5 

c-10 Sandstone FSH -515 1.6 3.2 87. 1 
c~ 9 Sandstone FSH -514 3.0 1.7 92.9 
c- 8 Sandstone, calcareous FSH -513 2.6 1.3 76.2 
c- 1 Sandstone FSH-51Z 5.0 1.7 85.7 
c- 6 Sanda tone FSH-511 5.0 2.8 85.3 

c- 5 Sandstone FSH-510 2. 1 5.0 80.2 
c- 4 Sandstone FSH-509 5.0 3.7 17.0 
c- 3 Sandstone, phosphatic FSH-508 1. 1 12.8 52.6 
c- 2 landstone, calcareous FSH..S07 4.3 7.5 45.2 

21.9 
22.8 

1.6 
4.6 
7.2 

12.2 
17.2 

19.3 
24.3 
25.4 
29.7 

114.81 
132.63 

5.12 
10.22 
13.60 
22.10 
S6.10 

46.60 
65 • .;.0 
79.18 

111.43 

.001 

.ooos 

.0005 

.0005 

.001 

.ooz 

.001 

.007 

.004 

There is probably a gap of 10 feet or more between the lowest bed of lot no. 1255 and the highest bed of lot no. 1254. 

Lot no. 1254 

I I I I c- 1 Chert OAP-511 1.0 0.4 

B member of Phosphoria formation, lot no. 1254 

B- 2 I Phosphate rock, ar,ruaceous 
B- 1 Phosphate rock 

A member of Phosphoria formation, lot no. 1254 

A- 7 Limestone and conglomerate OAP-504 z. 7 2.7 
A- 6 Limestone, arpllaceous OAP-503 4.8 1. 5 
A- 5 Limestone, sandy, and calcareous sands.tone JI'SH-50Z 5.0 0.1 
A- 4 Sandstone, calcareous FSH -501 5.0 0.1 
A- 3 Limestone, sandy, ana calcareous sandstone FSH -5oo 4.6 0.4 

A- 2 Sandstone, calcareous FSH-499 5.0 o.o 
A· 1 Conalomerate, calcareous FSH-498 z. 1 0.2 

- - --- ---------

Quadrant formation 

Cq-l I Sandstone, calcareous 

~ Cumulative data incomplete due to miasing information. 
See additional analyses at end of table. 

93.2 I 

35.2 
47.2 
60.3 
68.6 
68. 7 

64.5 
56.0 

l. 0 

1. 7 
6.3 

z. 7 
7. 5 

12.5 
17.5 
22. 1 . 

27. 1 
29.2 

I o. 4* 

38.76 
187.80 

7.29 
14.49 
H.99 
15.49 
17.33 

17.33 
17.75 

.0005 

• 001 
• 001 
.001 
.001 
.001 

.002 

.0005 
-------1.....------------------

4.4 1.32 

----------
--------

• 0005 

.ooz 

.000 
-0005 
. 0005 
. 0005 

.0005 

. 0005 

.075 
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.ooz 

.003 

.004 

.007 

.011 

.016 
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.047 

.008 

.068 
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.008 

.012 

.018 
• 022 

.032 

.033 
--

.002 
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Additional analy~es of sample OAP-5052. 

Bed Sample 
Pz.Os Vz.Os F SiOz TiOz CaO MgO NazO KzO llnO no. no. 

B-1 OAP-505 33.93 0.03 3.63 4.83 0.008 49.84 o. 11 1. 18 o.zz 0.008 

I Ni Crz03 Co Zn Cu Pb Ag Mo03 Cl 
Organic 
matter 

o.oos 0.07 o.ooo o. 012. o. 001 o.ooz 0.00004 o.ooz 0.008 o.z4 3 

~Analyses made by the U.S. Geological Survey, Geochemistry and Petrology Branch. 
Coz and S reported present. 
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